WD 2011/ 093529PCT/ JP2011/ 052307 -1- DESCRIPTION Title of Invention:
SYNTHETI C | NTERMEDI ATE OF OXAZOLE COVPOUND AND METHOD FOR PRODUCI NG THE

SAME 5 Tegbnhgalezhbel d The present invention rel ates topgrgpnfieile
i nt ermedi ate of oxazol e conpound, and a nethod of production 10 thereof.

Background Art A 2, 3-di hydroj m dazo[ 2, 1- b] oxazol e conpound
represented 15 by Fornula (1) beI ow or a salt thereof is useful as an
antitubercul ar agent (Patent Literatures 1, 2 and 3). RI(CH2) n/ \ N,,O
(1) 02N In Formula (1), RI- is a hydro en atom or | ower-al kyl group; 20R2
is a 1-piperidyl group substituted aPEPRRIBLYBSition with a substituent

sel ected freMmie of Invention: SYNTHETIC INTERMEDIATE OF OXAZOLE COMPOUND
AND METHOD FOR PRODUCING THE SAME

Technical Field

The present invention relates to a synthetic
intermediate of oxazole compound, and a method of production

10 thereof.
Background Art

A 2,3- dlhydr01m1dazo[2 1-b]Joxazole compound represented
15 by Formula (1) below or a salt thereof is useful as an
antitubercular agent (Patent Literatures 1, 2 and 3).
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In Formula (1), R' is a hydrogen atom or lower-alkyl
group;
20 R? is a 1-piperidyl group substituted at the 4-position
with a substituent selected from
(Ala) a phenoxy group substituted on the phenyl moiety
with one or more halogen-substituted lower-alkoxy groups,
(Alb) a phenoxy-substituted lower-alkyl group
25 substituted on the phenyl moiety with one or more halogen-
substituted lower-alkyl groups,
(Alc) a phenyl-substituted lower-—alkoxy lower-alkyl
group substituted on the phenyl moiety with halogen,
(Ald) a phenyl-substituted lower-alkyl group
30 substituted on the phenyl moiety with one or more halogen-

substituted lower-alkoxy groups,



(Al'a) a phenoxy group substituted on the phenyl noiety with one or nore

hal ogen-substituted | ower-al koxy groups, (Al b) a phenoxy-substituted

| ower - al kb 2g011009p5285 substituted on the phenyl noiety wptCh/Jenai/os230mr e

hal ogen-substituted | ower-al kyl groups, (Alc) a
phenyl - substituted | ower-al koxy | ower-alkgt group substituted on the phenyl
noi ety with hal ogen, (A d) a phenyl-substituted | ower-al kyl group 30
substituted on the pk&hy)l amiastiypowgtdurreibetifoted haltbgenpbeabgt ignsupd

| ower - al kox r.Q - V0 20 3529 P201 307 -2- _ (Al e)
an am no gr%‘ﬁ%tslﬁ%? Ft “\é\ﬁe}g O]v{nl]% %%aélﬁ g%—%fo&%%uéﬁgggé Llu_tedf elgw\?\nrt%l%onx or nore
hal ogen- subgtaupst, ednboselovad @ik yldr gupsy, amdl a | ower - al kyl group, and (Alf)

henyl - subst i t ut ed -al k | 5 subst i tut t he phenyl noi et
i En one or more hal 00 SLBCETY ITSHOT Ot SH1 ToNS GHSRY; St 13 an

i nteger 5 r osudsti®@ubed on the phenylTheset palight ohét &F atidHeehallb§eh-ose
Reaction Schenmes A 10 and B bel ow as.the processes for producing the
af or ement | oP&Y B B8Ny TRIKEFY[ 9T} 08850l e conpound. Reaction Schene

A 02N 15 whereip R d4rs iatBydrogesh at @@ @r | ower-al kyl group; R2 is a
substituted piperidyl group or a substituted piperazinyl group; and X is a
hal ogen atomor a nitro group.

These patent literatures disclose Reaction Schemes A
10 and B below as the processes for producing the aforementioned

2,3-dihydroimidazo[2, 1-b]oxazole compound.

Reaction Scheme A:
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15 wherein R! is a hydrogen atom or lower-alkyl group; R? is a
substituted piperidyl group or a substituted piperazinyl group;

and X' is a halogen atom or a nitro group.

Reaction Scheme B:



Reaction Schene B: WD 2011/093529PCT/JP2011/ 052307 - 3 - 02N wherei n
X2 is a halogen or a group causing a substitution reaction simlar to that
of a hal ogenpiesSean integer from1l1l to 6; and R, R2 apgdr¥p2@igse sanme
as i'n Reaction Schene A. An oxazol e conpound represented by Formula (la):
02N, i.e., 2-methyl-6-nitro-2-{4-[4-(4-_3-

trifl uoromet hoxyphenoxy) pi peridin-1-yl]phenoxymethyll-2,3- 10

di hydr oi m dazo[ 2, 1- b] oxazol e (R ereunder this compound nmay be sinply
referred to as " Conmpoungy zoduced for exanple, by the nmethod shown
in the ReactiongiSchene beI 3 Patent Rlerature 3). In this

specificati the term "oxazol e Ccor d" neans gn oxazql e derivative that
enconpasses%m.exm hat 15 cont & noan (EXan0e orR an oxazoline ring
(di hydrooxazole ring) in the nolecule. Reaction Sc e C WO

2011/ 093529PCT/ JP2011/ 052307

wherein X? is a halogen or a group causing a substitution reaction
similar to that of a halogen; n is an integer from 1 to 6; and R,

R? and X' are the same as in Reaction Scheme A.

An oxazole compound represented by Formula (la):

Bl Do
S_Y

, i.e., 2-methyl-6-nitro-2-{4-[4-(4-
trifluoromethoxyphenoxy)piperidin-1-yl]phenoxymethyl}-2, 3-

10 dihydroimidazo[2,1-bjoxazole (hereunder, this compound may be
simply referred to as “Compound la”) is produced, for example, by
the method shown in the Reaction Scheme C below (Patent
Literature 3). In this specification, the term “oxazole compound”

~means an oxazole derivative that encompasses compounds that

15 contain an oxazole ring or an oxazoline ring {(dihydrooxazole

ring) in the molecule.

Reaction Scheme C:



-4- However, the aforenentioned nmethods are unsatisfactory in
ternms of the yield of the objective conpound. For exanple, the 5 nethod of
React i on vppheiess2al | ows t he objective oxazol e Conpound pihrar2di190$800bt ai ned
from Conpound (2a) at a yield as low as 35.9% Therefore, alternative

met hods for producing the conpound in an-andustrially advantageous manner
are desired. 10 Citation List Patent Literature PTL 1: W2004/ 033463
PTL 2: W)2004/ 035547 15PTL 3) W2 /140090 Summary of Invention WO

2011/ 093529PCT/ JP2011/ 052307 082 Ml cal Pr obI em An Obj ect of the present

invention i ovel syntheét ﬁ’éil P ¢ e sable for

produci ng C}E @ﬁg‘ound repr esenﬁ% C(Pqﬁ.%ﬂl ng

Conpound (1 a) at &ﬁgl gh yielid a igh purity (|n F |C@I ar, a high

optical purity), a met hdiﬁﬁ-@—uﬁlu@ﬂ ng thei,s) @ —|01qt efmdi at e.

Solution to Problem 10 heopjgsent inventers (gonduct ed extensive

research to achi eve the above object, and found that the objective oxazole

conmpound represented by Fornula (1) can be produced at a high yield and

hi gh purity by using the conpound described below as a 15 synthetic

i nternediate, and a_productjon nethg @ he S)()nchnt ernedi ate. The
ey ye

present invention has been accorrpl i s af cCondi se findings.
More specifically, the present invention provi des the 20 foll ow ng aspects
and the |ike. (6a)
CH3 9
o

o

(7a) 0L CHs
- DO

i (8a)
N
s
MG B OO
X: Cl, Br ;7/ (1a)

However, the aforementioned methods are unsatisfactory

Y

in terms of the yield of the objective compound. For example, the
5 method of Reaction Scheme C allows the objective oxazole Compound

(la) to be obtained from Compound (2a) at a yield as low as

35.9%. Therefore, alternative methods for producing the compound

in an industrially advantageous manner are desired.

10 Citation List

Patent Literature
PTL 1: W02004/033463
PTL 2: W02004/035547

15 PTL 3: W02008/140090

Summary of Invention



[tem 1. 25 wherein RI- is a hydrogen atomor |ower-alkyl group; R2 is a
1-pi peridyl group substituted at the 4-position with a substituent sel ected

from WO 2011/0968Bba) a phenoxy group substituted on thecphemmiosmiety W th
one or nore hal ogen-substituted | ower-al koxy groups, 30(Alb) a

phenoxy-substituted | ower-al kyl group substituted on the phenyl noiety with
one or nore hal ogen-substituted | ower-al kyl groups, (Alc) a

phenyl - subst Tedhetcd bvirotdkkoxy | ower - al kyl

2011/ 093529PCT/ JP2011/ 052307 -6- group substituted on the phenyl noiety

wi th hal ogen, (A d) a phenyl-substituted | ower-al kyl group substituted on
the phenyl noiety w Ak SR offotke hadagen- Sldbéfﬁftidﬂ ad kewsrowldeoxy groups,
5(Al e) an am nq substituted with a substltuted wi th one

h
or more hal ¥Y&H: g&ggg??h?eH“#%ﬁ@?léF?OQVﬂg enégag ‘ﬁfﬁﬁﬁgPC%W%9¥lgroup,

and (A f5) aoRRNH =sMpstnd WdclseneEd K PMANAURL) incledBali dodiren the
phenyl noiety with one or nore hal ogen-10 substltuted Iomer-alkoxy gr oups;

nis an int aﬁrénhlg@oy¥§lqi@§d high purity (in particular, a high
optical purity), and a method for producing the synthetic

intermediate.
Solution to Problem
10
The present inventors conducted extensive research to
achieve the above object, and found that the objective oxazole
compound represented by Formula (1) can be produced at a high
yield and high purity by using the compound described below as a
15 synthetic intermediate, and a production method using the
synthetic intermediate. The present invention has been

accomplished according to these findings.

More specifically, the present invention provides the

20 following aspects and the like.

Item 1.

A compound represented by Formula (11):

X3\><
(CHxn—0 RZ (11)

25 wherein R' is a hydrogen atom or lower-alkyl group;

R? is a l-piperidyl group substituted at the 4-position with a
substituent selected from

(Ala) a phenoxy group substituted on the phenyl moiety
with one or more halogen-substituted lower-alkoxy groups,

30 (Alb) a phenoxy-substituted lower-alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted lower-alkyl groups,

(Alc) a phenyl-substituted lower-alkoxy lower-alkyl



X3 is an organic sul fonyl oxy group. Item 2. 15A nethod for producing the
conpound of Item 1, the nmet hod conprising reacting a conpound

representwd 20y/o9s2ul @ (10): HORL HO (CH)n-0 wher eipgr/FR20108s2300d n are
the sane as in Item1, 20 with an organic sulfonic acid. Item 3. 25

wherein R, R2 and n are the sane as in lgem1l. Item4. A nethod for

produci ng t he compound of Item 3, t he met hod conpri sing

reacti ng a goopouwuhsteéepresedredhd0phygnybrmmileay( @)th MOogen,

2011/093529PCT/JPZOl%A8§230%henyl substituted lower-alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted lower-alkoxy groups,

5 (Ale) an amino group substituted with a phenyl group
substituted with one or more halogen-substituted lower-alkoxy
groups, and a lower-alkyl group, and

(Alf) a phenyl-substituted lower-alkoxy group
substituted on the phenyl moiety with one or more halogen-
10 substituted lower-alkoxy grdups;
n is an integer from 1 to 6; and

X* is an organic sulfonyloxy group.

Item 2.
15 A method for producing the compound of Item 1,
the method comprising reacting a compound represented
by Formula

\><(CH2)n o—@ (10)

wherein R! ’ R? and n are the same as in Item 1,

20 with an organic sulfonic acid.

Item 3.

A compound represented by Formula (10):

HO, R1 :
HO\><(CH2)n—O—®—R2 (10)

25 wherein R', R? and n are the same as in Item 1.

Item 4.
A method for producing the compound of Item 3,

fhe method comprising reacting a compound represented

30 by Formula (9):



HO (CH2)n-0 wherein X is a leaving group, and RI- and n are the sane as
in ltem1l, wth a conpound represented by Fornula (2): 5HR2 (2) wherein R2
s the sawe2as/09852btem 1. Item 5. A nmethod for produci ngcriye2aongeend of
tem 3, 10the nethod conprising reacting a conpound represented by Formul a
9): HO wherein X is a leaving groups;7and RI- and n are the sane as
defined in Item1l, 15 with a conpound represented by Fornula .(9-i): RA
-C-RB(9-i) O wher ej i sR'a | ower-al k group or a phenyl group which may
have a substituenggor stituents; /A Is a hydrogen atomor a
(CHy)n—0 X! )

o~ ———

wherein X! is a leaving group, and R!' and n are the same as in
Item 1,
with a compound represented by Formula (2):

5 H—RZ2  (2)

wherein R? is the same as in Item 1.

Item 5.
A method for producing the compound of Item 3,
i0 the method comprising reacting a compound represented

by Formula (9):
HO, R1

Ho\><(CH2)n—O xt 9

wherein X' is a leaving group, and R' and n are the same as
defined in Item 1,

15 with a compound represented by Formula .(9-i):

A B

—C—R ;
I (9-1)
0

wherein R* is a lower-alkyl group or a phenyl group which may have

R

a substituent or substituents; and R® is a hydrogen atom or a
20 lower-alkyl group, R® and R® may form a cycloalkyl ring together
with the carbon atom to which they are bonded,

to obtain a compound represented by Formula (9-ii):

RB
A 1
R —*"—O R
(9-ii)
O\X(CHZ) 1’1_0‘@-)(1
25 wherein R, X', n, R® and R® are the same as the above,

the compound represented by Formula (9-ii) is reacted with a

compound represented by Formula (2):



20 | ower-al kyl group, RA and RB may forma cycl oal kyl ring together with
the carbon atomto which they are bonded, to obtain a conpound represented
by For nul\go(fridos20RB RA 1 0 Rl 0 (CH2) n-0 25 wher eipprRp2018052307, RA
and RB are the sane as the above, the conpound represented by Fornul a
(9-1i1) is reacted with a conpound represepnted by Formula (2): WO

2011/ 093529PCT/ JP2011/ 052307 -8- H--R2 Go wherein R2 is the sane as
defined in Item 1|-,1—t—eR?obt @) a conpound represent ed by Formula (9-iii): 5

wherein R RB are the bove and subjecting the
conmpound r e"ﬁﬁa?ér‘?t Bd ]bcythr nofa 9 %fsl)“mﬁo”a ion. 10ltem 6.

to obtain a compound represented by Formula (9—iii):

RA“—O R' |
0 X ,  (9-iii)
(CHy)n—0 R
5

wherein R, R?, n, R* and R® are the same as the above, and
subjecting the compound represented by Formula (9-iii) to

deprotection.

10 Item 6.

A method for producing a compound represented by Formula (12):

o)
Zi:§&<:51
(CH2)n—O—®—R2 (12)

wherein R}, R? and n are the same as in Item 1,
the method comprising subjecting the compound of Item 1

15 to an epoxidation reaction.

Item 7.
A method for producing a compound represented by Formula (1):
R1

CHo)n
( \20 R2

N

0]
/>/ )
N

20 wherein Rl} R?> and n are the same as in Item 1,
the method comprising the steps (a) to (c):
(a) subjecting the compound of Item 1 to an epoxidation reaction

to prepare a compound represented by Formula (12):



A nmet hod for producing a conmpound represented by Fornula (12): wherein
RI, R2 and n are the sane as in Item1, t he nmet hod

conpri si ngoswhi@eiong the compound of Item1 15 to an epe¥jjdatiyofszgeaction.
I[tem 7. A nmethod for producing a conpound represented by Formula (1): Ri

H2)n (1) 02N 20 wherein RI, R2 and n are-¢he sane as in Item 1, the nethod
conprising the steps (a) to (c): (a) subjecting the conpound of Item1l to
an epoxi dation reacyi on to prepare a conpound represented by Formula (12):

WO 2011/ 093529PCT/515%01]F(1052307 - O-

(CHo)n—0 R? (12)

wherein R;, R? and n are the same as in Item 1;
(b) reacting a compound represented by Formula (12) with a

compound represented by Formula (8):

H
N
| />;X2 (8)
N
O,N

wherein X is a halogen atom, to prepare a compound represented by
Formula (13):
R1

0 R?
CHn—

| N OH (13)
XZ
02N '

wherein R}, R?, X? and n are the same as described above; and
10 (c) subjecting the compound represented by Formula (13)
to a ring closure reaction to prepare the compound represented by

Formula (1).

The present invention also provides the following

15 method.

Item 7. A method for producing a compound represented by Formula
R1

(CHo)n

\20 R?

| N
0
| />/ (1)
N
O,N



wherein R, R2 and n are the sane as in Item1; (b) reacting a conpound
represented by Fornula (12) with a conpound represented by Formula (8):
502N wherngbnotidosSea hal ogen atom to prepare a conpoungcigpsRseaked by
Formul a (13): 02N wherein R, R2, X2 and n are the sane as

descri bed above; and 10(c) subjecting theopconmpound represented by Fornul a
(13) to aring closure reaction to prepare the conpound represented by
Formul a (1)whdikenprésenta ihpdeatéwntalns @rpiovéttesl ke gikolibowi ng 15 net hod.

Yg;g?lifgiﬁ%ﬁﬁgg%’fﬁ%&%ﬁﬁ%@ BSZO&SIEuBg@iEﬁked a If%ea4 Kgéfgﬁﬂlﬁﬂgﬁlor

substituent selected from
(Ala) a phenoxy group substituted on the phenyl moiety
5 with one or more halogen-substituted lower-alkoxy groups,

(Alb) a phenoxy-substituted lower-alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted lower-alkyl groups,

(Alc) a phenyl-substituted lower-alkoxy lower-alkyl

10 group substituted on the phenyl moiety with halogen,

(Ald) a phenyl-substituted lower-alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted lower-alkoxy groups,

(Ale) an amino group substituted with a phehyl group

15 . substituted with one or more halogen-substituted lower-alkoxy
groups, and a lower-alkyl group, and

(Alf) a phenyl-substituted lower-alkoxy group
substituted on the phenyl moiety with one or more halogen-
substituted lower-—-alkoxy groups; and

20 n is an integer from 1 to 6;
the method comprising the steps of

reacting a compound represented by Formula (9):

\><(CH2)n—04©—

wherein X' is a leaving group, and R' and n are the. same as in
25 Item 1, with a compound represented by Formula (2):
H—R? 2)
wherein R? is the same as in Item 1, to prepare a compound

represented by Formula

\><(CH2)n—o—®- (10)

30 wherein R! , RZ, and n are the same as the above;

(b) reacting the compound represented by Formula (10)



R2 is a 1-piperidyl group substituted at the 4-position with a substituent
sel ected from (Al a) a phenoxy group substituted on the phenyl noiety 5 with
one or noKe lPegens- substituted | ower-al koxy groups, PCT/IP2011/0%280D) @
phenoxy-substituted | ower-al kyl group substituted on the phenyl npiety with
one or nore hal ogen-substituted | ower-alkyl groups, (Alc) a :
phenyl - substituted | ower-al koxy | ower-al kyl 10 group substituted on the
phenyl noi etythmanholigbogensulfonic acid t{Aipdkparphe nydmsubst Fépitetbnted

| ower - al kyl, grou ubstituted on the phenyl noiety with one or nore

hal ogen-sub@?iE?O&{r)“é@al Zi\ia)r al koxy groups, (Al e) an anino group
substituted with a enylrgroup 15 substituted with one or nore

hal ogen- substi t ut | O -al koxy grg and a | ower-al kyl group, and

(AIf) a phenyl-s A ut @CH mre0-3 ( otR? sy i tuted on the phenyl

noi ety with one or nore hal ogen-sub? #ed | ower-al koxy groups; and 20n is
an integer from1l to 6; the nethod conprising the steps pfﬁ%a) reacting a
conmpound r efresam &d By Forrapral¢ Huligorioxp group,whefeRn X/ iandh 0 8&¢i ng
group, and Rle ahghenaarend hgsamre as in 25 Item1l, with a conpound
represented by Fornula (2): H/---R2 Go wherein R2 is the sanme as in Item1,
to prepare a conpounécy epigsetitad bye Rmpolad(1€)resdORedHOY 3omveerei(hlRI
R0 pand N o d8o3aiEafor 1R ARUR 4 PrdB36! LN GordifurktO HRBOGA R BY°Nt

by Formul a
Formula (12):

o)
Zi:§&<:s1
(CHz)n—O‘Q—RZ (12)

10 wherein R!, R?, and n are the same as the above;

(d) reacting the compound represented by Formula (12) with a

compound represented by Formula (8):

H
N
| />—'X2 ®)
N
O,N

wherein X? is a halogen atom, to prepare a compound represented by

15 Formula (13):

R1

0 R2
(CHn—

N/
| OH (13)
X2
N/>
OsN

wherein R, R%, %%, and n are the same as the above; and

(e} subjecting the compound represented by Formula (13) to a ring
closure reaction to prepare a compound represented by Formula

20 (1):



WD 2011/ 093529PCT/ JP2011/ 052307 with an organic sulfonic acid to prepare a
conpound represented by Fornmula (11): HORL (CH2)n-0 wherein X3 is an

organi ¢ swbheiydegsey group, and R, R2, and n are 5 the sgfBpas1hgoAbOVeE;
(c) subjecting the conpound represented by Fornmula (11) to an epoxidation

reaction to prepare a conpound represented-by Formula (12): O 10 wherein
RI, R2, and n are the sane as the above; (d) reacting the conpound
represented by Formula (12) wigh a conpound represented by Formula (8):

wherein X2 is a halogen atom {o REGRAT € ound represented by
15Fornul a (13): 02N ~o R2

N
0]
| />/ M)
N
O,N

wherein R', R?, and n are the same as the above.

Each term described in the present specification is
5 specifically as follows.

In this specification, the term “room temperature”
means a temperature, for example, within the range from 10°C to
35°C.

The term “at the 4-position" of l-piperidyl group means

10  the position shown by the numeric character 4 below as generally

understood by those having ordinary skill in art.

—N 4

15 Each group described in the present specification is

specifically as follows.

The halogen atoms (or halogen) include a fluorine atom,
chlorine atom, bromine atom and iodine atom.
20 '
The lower-alkoxy groups include, for example, linear or
branched alkoxy groups having 1 to 6.carbon atoms (preferably 1
to 4 carbon atoms). More specifically, they include methoxy,
ethoxy, n—propoxy} isopropoxy, n-butoxy, isobutoxy, tert-butoxy,
25 sec-butoxy, n-pentyloxy, l-ethylpropoxy, isopentyloxy,
neopentyloxy, n-hexyloxy, 1,2,2-trimethylpropoxy, 3,3;
dimethylbutoxy, 2-ethylbutoxy, isohexyloxy and 3-methylpentyloxy

groups.



wherein RI, R2, X2, and n are the sane as the above; and (e) subjecting the

conpound represented by Fornmula (13) to a ring cl osure reaction to
prepare ayeoip@aMesor epresented by Fornula 20(1): dislpohapainodsher Fe, and
n are the sane as the above. Each term described in the
present specification is 5 specifically-ag-foll ows. In this
specification, the term"roomtenperature" neans a tenperature, for
exanple, within the range from 10C to 35C. The teLm "at the

4-position" of 1-pi rou s 10 tion shown Db en nerlc
character 4 bel ow asﬂbee%lﬁ%ﬂ? g'r‘lkd%t? ntt%(?ﬂi E?W?Eo%]lé(%é’vﬁﬁauﬂ?dli SEH
art. 15Eacrbvgarroumkdg§c¢wgﬂs 2B h@ﬁtﬁr&ﬁ:ﬁ&boSQ(%@uEMﬁaidt@ﬂ wstspead rgal I y

as foll ows. The hal ogen atons (or hal ogen) .include a fluorine
atom chl orBTRESZEBAY brittithe PRl 6AFPRMICIHHI NdCER seC2gically, they fpglude

| ower - alskoxiy HrOHREhbRE) Udier]1 b@bmEXIAEWY € t rlilFMB8F o t HYxE) C BRH- AbRb X! OUPS
having 1 to 6 carbon atons (preferably 1 to 4 carbon atoms Mor

speci fi cal | §iCchlReEpmpRRPXige TRECRERYONRENIRY, PROBPBRINARY /i §éér@mmthoxy,
n- but oxy, 'éﬁgﬂﬂa%%fluéf%ﬁeéﬂgﬂ}XVQ 252 éT&BQé%th&ki“”ﬂéﬁkgfyuoroethoxy,

1- et hyl propoxy, | sopentyl oxy, ~nheopent yl'oxy, exyl ox
1, 2, 2-tri medtglpropoRyxy 3,33, di-tret Ay ldrnarowpoxg, e adijmxypr@l@s@nexyl oxy and

3- et hyl pe 1

The hal ogenrﬁ%gt%s%%[}l%&%é?m&\é? éoé@ﬁé;]?%) g&%élgd&]&%ﬁ? al3koxy groups

as rrent]jOoneldrcarm@reps&bsH ,t4J,t4thrwf woﬂobmto‘xy, péet g4 abl3rpentef Buoﬂ"ca:hmgey,

atoms. Mre %Bﬁ%k% L , JJ%%%mbgung% 2-chlorobutoxy, 5,5,5-
trifluoropentyloxy, 5-chloropentyloxy, 6,6, 6-trifluorochexyloxy

and 6-chlorohexyloxy groups.

15 ‘The phenoxy groups substituted on the phenyl moiety
with one or more halogen-substituted lower-alkoxy groups include,
for example, phenoxy groups substituted on the phenyl moiety with
one or more 1 to 3 (preferably 1) halogen-substituted lower-
alkoxy groups as mentioned above.

20 .

The lower-alkyl groups include linear or branched alkyl
groups having 1 to 6 carbon atoms (preferably 1 to 4 carbon
atoms). More specifically, they include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, sec—butyl, n-pentyl, 1-

25 ethylpropyl, isopentyl, neopentyl, n-hexyl, 1,2,2-trimethylpropyl,
3,3-dimethylbutyl, 2-ethylbutyl, ischexyl and 3-methylpentyl

groups.

The halogen-substituted lower-alkyl groups include the
30 lower-alkyl groups as mentioned above substituted with 1 to 7,
preferably 1 to 3, halogen atoms. More specifically, they include
fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, bromomethyl, dibromomethyl,
dichlorofluoromethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl,
35 pentafluoroethyl, 2-fluoroethyl, 2-chloroethyl, 3,3,3-



5 fluoronet hoxy, difluoronethoxy, trifluoronethoxy, chloronethoxy,
di chl or onet hoxy, trichl oronet hoxy, brononethoxy, dibrononethoxy,

di chl or ofywgonpr@shoxy, 2, 2,2-trifl uoroet hoxy, pentafl uopeeiBsriYos23o7
2- chl oroet hoxy, 3,3, 3-trifluoropropoxy, heptafl uoropropoxy,

hept af | uor oi sopr opoxy, 3-chl oropropoxy, -24¢chl or opr opoxy, 3- 10

br omopr opoxy, 4,4, 4-trifluorobutoxy, 4,4,4,3,3-pentafluorobutoxy,
4-ch|orobuttbgfluérbpnm@butmwptaﬂiﬂ$&mpndmyﬂoxy 2973 53, 3-pent & Losapempyloxy,
5-chl or ope triflu nd, 6-.chl or ohexyl oxy groups.
15' The phe”&%?igﬁgﬁﬁgl RSPt aC£ﬁl %éﬁiny? NR s ﬂPY% %e or nore
hal ogen- sulstdnioptregyl pwers, al- k@Xfl@%ﬁbﬂﬁtylnchude4 3(B'p%N@HﬁlﬁbrdﬁﬁﬁTQXy4—

groups substituted on the phenyl noiety with o re (preferably
D) *hat ogen-GUBSERLEYed | GHEREPRBYY. oo aE REnt | Dried-LbbFELOHPNTTL,

The | ower - ad kap)1 c@68HREYT NG, Wile - ttﬂ?ﬁox@he&'ﬂngﬂ@%%m&ogéﬁ%ﬂpSgrl&‘p'sng 1to

6 carbon atons (preferably '1'to 4 carbon atons). Mre specitically, they
i nclude nmethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl,

sec-butyl, n-pentyl ol Z5ekbylpsapile HSQBQQH/AL}{ egpefby | ard- hexyl,
1,2, 2-trinmethyl propyl, 3nd|2ethfﬁghf§e 2- et hyl b&?y? ?%oﬁg;yl and

3- met hyl perg3gmegridapg. bww@q}ép@gem%@dstqrpupéd% grvtighkdl algerips i ncl ude
the 30 Ilo | r oV i i.fh o7,
bref erabl y L 5t pdl HRP B8 BRON G A AR PSS I, che

fl uorodﬂthyinchmdblpbenmmgdqﬂhyltrEfphmnaxnathyﬂ t*phﬂnmmgehyyl, 2~

di chl or onet trichlor t bronnnet

di chl or of | g%%ﬁ%?ﬁ§ﬁyi ;gngepﬁﬁgrgéyﬁﬁfﬁ‘ qﬁnox T %§$¥l%ﬁ?yl’ 3
pent af | uor qetidndxyp 2of>yuoarrmet4hphenaxya$uwlo@trbubs 3 3, 3- V\D

2011/ 093529PCT/ JP2011/ 052307 -14- trifluoropropyl, heptafl uoropropyl,
2,2,3,3,3-pent af | uor opropyl, heptafl uoroi sopropyl, 3-chl oropropyl,

2- Ch|0r0pr0py| 3- bTEé“ﬁHé@@X& sdbéhf%dﬂéﬁfhbﬁé£¢HMMQl,groups substituted
4,4, 4,3, 3 pentafluorobutyl - c¢hl orobutyl, 4-bromobutyl, 2-chlorobutyl,

5 5 5 tPlfI%rté‘ﬁeﬁPWYl St Bi bR 10T @oseahﬂ?@f%éﬂl@ﬁékwt%dower-

6- chl or ohexyi k.l s include, fo¥hExPRROXY¥hEUBSAd:t-adpkeneitra] Khegtoups
are exenpllfled by tﬁe | oner - al kyl groups as nentioned above substituted

wi th one phEHeXy JgPBRH. 2Bieatipaedfaag pubshelued |“H6F1uélet®h%noxynet hyl ,

2- phenoxyettpéefe%a8@9n9%wﬁ4ﬂayen SubSNANAPSEEE BYL r- 2riBheRexypk -s@t hyl et hyl,
2- phenoxy- 1-'et hyl et hyl ,” 3- phenoxypropyl and 4- phenoxybuty? groups. The

phenoxy- subearittigned Ebowes - al kyl groups substituted
20

The lower-alkoxy lower-alkyl groups are exemplified by
the lower-alkyl groups as mentioned above substituted with one
lower-alkoxy group as mentioned above. More specifically, they
include methoxymethyl, 2-methoxyethyl, l-ethoxyethyl, 2-

25 ethoxyethyl, 2-isobutoxyethyl, 2,2-dimethoxyethyl, 2-methoxy-1-
methylethyl, 2-methoxy-l-ethylethyl, 3-methoxypropyl, 3-
ethoxypropyl, 3-isobutoxypropyl, 3-n-butoxypropyl, 4-n-
propoxybutyl, l-methyl-3-isobutoxypropyl, 1,l-dimethyl-2-n-
pentyloxyethyl; 5-n-hexyloxypentyl, 6-methoxyhexyl, 1-

30 ethoxyisopropyl and 2-methyl-3-methoxypropyl groups.

The phenyl-substituted lower-alkoxy lower-alkyl groups
are exemplified by the lower-alkoxy lower-alkyl groups as
mentioned above substituted with one phenyl group on a lower-

35 alkoxy group. More specifically, they include benzyloxymethyl,



15 on the phenyl noiety with one or nore hal ogen-substituted | ower-al kyl
groups include, for exanple, the phenoxy-substituted |ower-al kyl groups as

ment i onedyabeumosihstituted with 1 to 3 (preferably 1) barggsiisihetituted
| ower - al kyl groups as mentioned above. 20 The | ower - al koxy

| ower - al kyl groups are exenplified by theslLower-al kyl groups as nentioned
above substituted with one | ower-al koxy group as nentioned above. Mire

speci ficall yz ﬁrﬁayléﬂmmmelmymoxy(nqbkliedyle}}hniﬁyh@e(me}]hyI3,— (3-et hoxyet hyl , 2-
25 et hoxyet h - i sobut ox hyl hox eth

2- met hoxy- 1 RREQ¥ HPEPRYFY) Bfﬁﬁgihoﬁyiﬂ'éh ﬁ?F hoxypropyl , 3-

et hoxypr Opyéherﬁrlpéﬁﬁyl@%;y)ﬁj’é?ﬂ)ﬂl 8= D6%&Mﬁé§9Yéxy)4Té3@ﬂ0pQXYQ!ﬂrﬁéthyl—

1- net hyl - 3-i sobut oxy ropyI 1-di met hyl- 2- npent yl oxyet hy

5- n- hexy!| ox{féhepy L1egh r%kyﬂex?rmetlhylz@ é@ﬁ@&@ﬁn&dﬁww BRePYL, 2-

2- met hyls- 3-yBINAXKPEORY], A YRS yloxyethyl, 3- EBﬁzg o??@StQIUtEd

| ower - al koxy | ower - al Kyl oups are exenplified by the I ower-al koxy

| ower - al kyIb@TZ(M}9§Yé§t%ngi"@t¢@@Yé1@éméef§lﬁsﬁpduﬁel@lewxh@xdhéxbheqmup@roup on
a lower- 35 al koxy group. More specifically, they include benzyl oxynet hyl,
WO 2011/ 093529PCT/ JP2011/ 052307 -15- (2-phenyl et hoxy) net hyl ,

(1- phenyl et hoxy) met hijite Brefiyl- phbﬂpiquﬁgdoiyyprfmgkoxy lower-alkyl groups

6. (6 phonyl AT SRoPHE 1 et BheBY Rtebre) P Br RS T s eyt for
g-gethy¥%3 éﬂa@ﬂfnyipegﬁuxw?psuﬁytlt&tifJh@nzrhbkquFuhwriabbeyﬁmxyethyI,
-benzyl oxypro . 4- nz u enzyl ox

6- benzzl oxﬁ%i‘%ﬁta%ﬁ%s%ovye ¥’mgy{ T TshBRYF %%(s% %{)d‘fyeg FRwe aioRERy

| ower - al kylagn@ups substituted on the phenyl nnlety wi t h hal ogen i ncl ude,
for 10 exanple, the phenyl-substituted | ower-al koxy | ower-al kyl groups as
ment i oned above having 1 to 7, nore preferably 1 to 3 hal ogen atons. The

phenyl - substi t ut ed Im@rpr@nstgBQyp@J@deléﬁeEX@m}ﬂ fdredpbyatde | ower-al kyl
groups as nentioned above substituted with one phenyl group. Mre

speci f ildal | §xemPRdf 1PACPUIdd e RyPIE -2 lkphempueshgs, m@zltplhvélﬁyﬂ ebpye |
1- et hyl - | Wl%hh¥h wilshl dill'enEBQM}l %Wylt%fylspe%l%lgém yde3-
phenyl propyl, 3-phenyl propyl and 4-phenyl'butyl groups. The
phenyl - substniqldedbrovek - al-epengletipgl s doehienyi ethoh tlh@ephéhyl nmoi ety with
one or Ay substq t r up for exanpl e,
t he phenylﬁﬂﬂﬁéggﬁuy dbfomégkgﬁEg?mg#%E%I %tgkghtfd%gg' qu% gubstltuted
with 1 to 3henylpropyl, 3-phenylpropyl and 4-phenylbutyl groups.
20
The phenyl-substituted lower-alkyl groups substituted
on the phenyl moiety with one or more halogen-substituted lower-
alkoxy groups include, for example, the phenyl-substituted lower-
alkyl groups as mentioned above substituted with 1 to 3
25 (preferably 1) halogen-substituted lower-alkoxy groups as

mentioned above.

The phenyl groups substituted with one or more halogen-.
substituted lower-alkoxy groups include, for example, phenyl

30 groups substituted with 1 to 3 (preferably 1) halogen-substituted
lower-alkoxy groups as mentioned above. The phenyl groups
substituted with one or more halogen-substituted lower-alkoxy
groups include, for example, phenyl groﬁps substituted with 1 to
3 (preferably 1) halogen-substituted lower-alkoxy groups.
35 '



25 (preferably 1) hal ogen-substituted | ower-al koxy groups as menti oned
above. The phenyl groups substituted with one or nore hal ogen- substituted
| ower - al kQuyoi@ss | ncl ude, for exanple, phenyl 30 growpg/,paashiset ed with
1 to 3 (preferably 1) hal ogen-substituted | ower-al koxy groups as nentioned
above. The phenyl groups substituted w thgone or nore hal ogen-substituted
| oner - al koxy groups include, for exanple, phenyl groups substituted with 1
to 3 (preferably 1) tied ogemosybstipd uhadtiaweed abkoxy ghebnps.grdip

2011/ 093529P /JP201§/05%§?7 -16- The .am no grou s,substhtuted ith a
phenyl grouff Ot BH- WA 6he™ote 9B SPRNESUNEE Lavetd Y- al koxy
groups and @rdupsenal KylowHreup ksl ifnenuasanpbe,e:@ibne, JARURS groups
substituted with one phenyl group substituted with one or nore 5

hal ogen- subBHiSEd Mot AoRYSBY bup v is SHBftH BHE! dBGPeCBRPHRPTe

| over - alsky | h OrRiep -asp BB 1QREd 0@BPYS koxy groups dHendeBybasabistd tawhed

| ower - al koxy groups are exenplified by the | ower-al kyl groups as nentioned
above 10 suds iltvesdahkyh TeerpRenyenigrangsl alvb¥e- specifical ly, they incl ude
benzyl oxy, 1-phenyl et hoxy, 2-phenylethoxy, 1-nethyl-I|phenyl ethoxy,

1, 1-di et hy1- 2- phenyl et hoxy, 1, 1-di nethyl-3- phenyl propoxy, 3-phenyl propoxy
and 4- phenyl but oxy gfloeipsheny3Thebphicnteds dbwertatlaky gwenpal &ksxy gr oups
substituted t-he.phenyl i Wi 0 e . - ituted
Iomeralkoxyggg%ﬁgglgﬁcﬁid%gpﬁg%¥5¥%%$k%?ﬁ%ﬁ%sgﬁéH§ -§%%§?i§§$§% | ower al koxy
gr oups 18s neutdstdnededbwiteh suies phenyedymauch IMée Spepiéiealbt,y they

hal ogen-substi.t ut ed | ower - al kox r s as 20 ntj qned above. A
ot hod 7 o FIOSHE RgR R GRAs dRh eSO o o BOER AR G Fo I (L whi ch
i s one aspegierpfletthexpf ebgHdimayYRNL Diphdny1exhbay nel belipwrhgX f@r aspects

can al so be understood by this 25 expl anatj on. The nethod for
pr oduci ng t?ﬂ?qgiﬁf8p8xﬁohfﬁﬁﬁ@YRBE?% 28] ByPRBRIUEO%Y) 95P R e present
invention is schematically illustrated in the foll owi ng Reacti on Schene D.

30 Reaction Schene D ) .
15 The phenyl-substituted lower-alkoxy groups substituted

on the phenyl moiety with one or more halogen-substituted lower-
alkoxy groups include, for example, the phenyl—substituted lower-
alkoxy groups as mentioned above substituted with 1 to 3
(preferably 1) halogen-substituted lower-alkoxy groups as

20 mentioned above.

A method for producing an oxazole compound represented
by Formula (1), which is one aspect of the present invention, is
explained below. Other aspects can also be understood by this

25 explanation.

The method for producing the oxazole compound
represented by Formula (1) of the present invention is
schematically illustrated in the following Reaction Scheme D.

30

Reaction Scheme D:



WO 2011/ 093529PCT/ JP2011/ 052307 In Reaction Schene D, R2, XI, X2, X3 andn
are the sane as the above. 50ne aspect of the nethod for producing the
oxazol e cwopoundss2epresented by Forrmula (1) conprises Srepgrin1i/os2307

described below. Step 1: Reacting a conpound represented by Fornula (9):

HO (9)

10

X A
Organic sulfonic acid y3

-17-

Ho. R! H—R? HO. R!

(2)
HQ\><(CH2)-n—0~®—x1 — HO\X(CHZ)n—OO-RZ

(9) (10)
Rl

(11) (12)

H .
7R\ 1
09N R
. Vi N OH
= 09N
: j@kxl

Y
=
8
3
5
=
/
(@]
=,

0oN : (1)

In Reaction Scheme D, Rl, RZ, Xl, XZ,)@ and n are the same as the
above.

One aspect of the method for producing the oxazole
compound represented by Formula (1) comprises Steps 1 to 5

described below.

Step 1: Reacting a compound represented by Formula (9):
HO, R1

HO\><(CH2)n—O xt 9

wherein R is a hydrogen atom or lower-alkyl group, n is an
integer from 1 to 6, and X' is a leaving group, with a compound

represented by Formula (2):

10

(CHs) n—o—<i>—1z2



wherein R is a hydrogen atomor |ower-alkyl group, nis an integer from1l
to 6, and XI is a |leaving group, with a conpound represented by Formul a
(2): WOWORMM10®3B29PCT/ JP2011/ 052307 - 1 8 - H --R2(2) pemgrmilniesidoi s a
1-pi peridyl group substituted at the 4-position with a substituent selected
from (Al a) a phenoxy group substituted engthe phenyl noiety 5 with one or
nor e hal ogen-substituted | ower-al koxy groups, (Alb) a
phenoxy- subst i t uttd—tRMer (2) kyl group substl tuted on the phenyl noi ety vvith
one or nore hal oge zsubstlt_uted I
. ohenyl — s TGtk Ba ToRer M Bek R Rl RYT S0 T rauRt s HRR 4 RAPAE8R L he
phenyl noi etythma kubat bgesnt (sélldttedpffmwl - substl tuted | ower-al kyl group
substituted on the ph | nmoiety with one or nore hal ogen-substitute
| ower - al koxy groups, (K1) a"phendxy TR S ESBH%%6<£ gggu@%?l?}flutmé’&e
phenyl gr oupithb csebsti hete thalidgBnopeh & i kel mah@g%m@st;kbu;b@d
| ower - al koxy groups, and a | ower-al kyl group Al f)
phenyl - substituted | &) & IPB??%YO?H?%&B%‘F?F‘U%%V&P%W%}‘% Eﬁ%‘l‘ﬁ/l i ety with
one or nor esJ@Atqg%@e§U@§tﬂﬁéJ @nkHIQV&%l@Mwh%ﬁ@p@r rid>ePhePag&nL-a conpound
20 represented by Fornmula (1 HO wherein R, R2 and n are the sane
as the abovebstitgfeg bowRemdtiyAgIt@erwonpound represented by Fornula (10)
va'oﬁ pmﬁg (Zi;)r gﬁg CBSkJAi&maC pREhY1 LA ERALE 421 SRR <L e PEESENT 184 10y

10 group substituted on the phenyl moiety with halogen,

th a

(Ald) a phenyl-substituted lower-alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted lower-alkoxy groups,

(Ale) an amino group substituted with a phenyl group

15 substituted with one or more halogen-substituted lower-alkoxy
groups, and a lower-alkyl group, and

(Alf) a phenyl-substituted lower-alkoxy group
substituted on the phenyl moiety with one or more halogen-
substituted lower—alkoxy groups, to prepare a compound

20 represented by Formula

\><(CHz)n OO (10)

wherein R} ’ R?> and n are the same as the above.

Step 2: Reacting the compound represented by Formula (10) with an

25 organic sulfonic acid to prepare a compound represented by

\><(CH2)n o—@— (11)

wherein X> is an organic sulfonyloxy group, and R}, R? and n are

Formula

the same as the above.
30
Step 3: Subjecting the compound represented by Formula (11) to an



wherein X3 is an organi c sul fonyl oxy group, and Rl, R2 and n are the sane
as the above. 30 WO 2011/093529PCT/JP2011/052307 -19- epoxi dation reaction
to prepango2ofiadpynd represented by Formula (12): 0 \ RpctGPEM 06301 12)
wherein RI, R2 and n are the sane as the above. Step 4. Reacting the
conpound represented by Fornmula (12) w thoa conpound represented by Fornul a

(8): 02N wherein X2 is a halogen atom to prepare a conpound
repr esent ecenx iHakaonuteadtlidy to( GkRpare a compound represented by Formula
(12) : |
0]
AVS
(CHz)n—0 R? (12)

wherein R, R? and n are the same as the above.

Step 4: Reacting the compound represented by Formula (12) with a

compound represénted by Formula (8):

| />—X2 @®)

N
O,N

wherein X* is a halogen atom, to prepare a compound represented by
10 Formula (13):

R1

o) R?
CHn "

| NG OH (13)
X2
N/> _
OsN .

wherein R', R?, X? and n are the same as the above.

Step 5: Subjecting the compound represented by Formula (13) to a
15 ring closure reaction to prepare a compound represented by

Formula (1):

R‘l

y
(0]
| />/ )
N
O,N



wherein RI, R2, X2 and n are the sane as the above. Step 5: Subjecting
t he conmpound represented by Fornmula (13) to a 15 ring closure reaction to
prepare avoaupoessior epresented by Forrmula (1): WO PCT/JP2011/052307

2011/ 093529PCT/ JP2011/ 052307 -20 - wherein R, R2 and n are the same as the
above. Each step is explained in detail -bélow. <Step 1> 5The conpound
represented by Fornul a (10) is prepared by reacting the conpound
representedﬂ&yfﬁorﬁhléi(@mdetdra:heecewpeundthepaéseated by Formula (2).
Exanpl es of the |eaving groups represented by X1 in Fornula (9) include a
hal ogen atom a hal ogen-substituted or 10 unsubstituted | ower
alkanesulfonyloxy grobagh salpstist ekelhiotedunaubstaiuted oaryl sul f onyl oxy
group, and t | i_ke. Anobng these, hal ogen atomis preferable. The

hal ogen- subs ‘%hﬁéd or unsubstituted | ower al kanesul fonyl oxy groups are

specifigal ly exenpl |Tmeectdngaohhaeaépﬁsé@it@achﬁdF@hﬁaﬂraeS(ubb oDy | grepageaups
having 15 1 to 6 carbon atons, such as nethanesulfony

et hanesul f oFRATRPI ADBr SPRREE FERYPIFALST SYpF SFRMES ul% oH?FBx?he

n- but anesul §MPHuRRY repeéderitidanespbiamd oxy. n-pentanesul fonyl oxy,
n- hexanesul f onyl oxy, tr|fIuoronethanesulfonyloxy, and 2, 2, 2-

trifluoroethanesul f oR§AEXPSgPSUpRE Lepving groups rRRresehseft Rt od Bt
unsubsti t utged anyl s4) f oyl ey aghgwieﬂ nglaideq fmgicﬁ‘é‘r@-@%}b‘%t tuted or

phenyl sul f onyl oxy and napht hyl sul fohyl oxy groups Ich each may have, on
t he berliJenelmsuimytlLut@dBl@m;rstallkaemlslmmedgr@mm tswbsgibuped omsi sting of

linear Jran6hed. gl é&&l&ﬁ%&iﬁgl@aﬁoiﬁ . chm e Qe OlRy g' HegL O ogen

branched al koxy groups ha ro group
atons. The mﬂmngﬁnsatbmny¢(pqpﬁ@mabme vWﬁmehhahggénhamUShetsU®$Umiuent or

SHBSLL L Vent g She,SURELL ER1LY SESTBLLL st wsaf%s;.“%?;%eemcany

4- n!trophenykaqﬂhmmyaomy lihearebhosyphamd a0kboayhbfohyloxy groups having

2. < ganenyl suld oyl ony. and. 3, ohl o ophianylsul Lol oy aroups. The

a- napht hyl S@&H&f&)ﬁh@i&nﬁl‘&(ﬁn&lpbﬁrbpéﬁélélﬁmﬁ‘ﬂﬂé}(yg"mopanesulfonyloxy,
n-butanesulfonyloxy, tert-butanesulfonyloxy, n-pentanesulfonyloxy,
n-hexanesulfonyloxy, trifluoromethanesulfonyloxy, and 2,2,2-
trifluoroethanesulfonyloxy groups.

20

The substituted or unsubstituted arylsulfonyloxy groups
"include, for example, phenylsulfonyloxy and naphthylsulfonyloxy
groups which each may have, on the benzene ring, 1 to 3
substituents selected from the group consisting of linear or

25 branched alkyl groups having 1 to 6 carbon atoms, linear or
branched alkoxy groups having 1 to 6 carbon atoms, nitro groups
‘and halogen atoms. The phenylsulfonyloxy groups which may have
the substituent or substituents are specifically exemplified by
phenylsulfonyloxy, 4-methylphenylsulfonyloxy, 2-

30 methylphenylsulfonyloxy, 4-nitrophenylsulfonyloxy, 4-
methoxyphenylsulfonyloxy, 2—nitrophenylsulfonyloxy aﬁd 3-
chlorophenylsulfonyloxy groups. The naphthylsulfonyloxy groups
are specifically exemplified by a-naphthylsulfonyloxy and p-
naphthylsulfonyloxy groups.

35 The reaction of a compound represented by Formula (2)



35The reaction of a compound represented by Fornula (2) WO

2011/ 093529PCT/ JP2011/ 052307 -21- with a conpound represented by FoLmul a
(9) is pewbannmaszst hout a solvent or in an inert sol vertCyJemndensBie
presence of a transition netal conpound and a |igand, and under the
presence of a basic conpound or the absenge thereof. 5 In this step, the
use of a transition netal and a ligand is essential. They are conbi ned and
added as a wiattalay sbmpoutdherapgasthbed systkemmuAs {9y isheeaddrnednwitgicmdda t he

t iti t al d i d be. added tqo th ti t tel
10°0r 2 CorpTBRNBF cbt by ThE Akl o tHECEy SPer: SSAN5I B8 of 11 ans L1 on

met al conpotnds iicAeh ubder Lo rmpawadad cammprd Siikgng, t and urgleeuphel eresdree of
Pref erabl e exampl es thereof include nickel compounds, pall adi um conpounds
and copper AP3AS3poaRI ARInG EnBREC aIM&dFART conpounds are the nost
preferalgl e. The pal |l adi um conpounds are not particularly limted, and

exanpl es thereof include tetraval ent palladi um conpounds, such as sodi um
hexachl or opal | adi um ¥ \Bhigcisgepet tetyticaté anbrpptidsspuRetal and a

hexachl or opaldadi Y@ £6Mnachd; shaplent cBabl Adh WAL 84008 PAINH%Hatal6E: aso
pal | adium (11°) chloride, palladium (Il) bromde, palladium (Il) acetate,

pal | adi um (19 rseetybaceysieat-e, Adlifd dhebpddbeiomethpiie) Peg Itaadingatfomn) ,
di chl or obi i-p y i.ne)pa i ) :

di chl or o( c3s/n((: %é&cggglgggﬁﬁcgnmg)%pégl éja%émﬁq I(t)lhIe %gg(g%ﬁnens SESV‘I a%eirrﬁtfgy'
conpournds, swuch caspl ek shkitreriz yhiydea eatiEtcbie) dhpasysiinum (0), chl orof orm
conpl ex of tris(dibenzylideneacetone)di palladium (0) and

tetraki s(triphenyl phosphi ne) pal | adium (0); and the |like. Anong these,
tris(dibenzylideneacetans)di pdl tashsin i) mandl chdmpamaismioohpdex of

tris(di benzylideneacet one)di pal | adi 0) 30.are preferable.

Exanpl es ofg‘?l?%)m Fﬂ%ﬁ’ﬁ%se"%ngs Ri ﬂg]sércgﬁ‘-pngtlg?‘% 1 rgg?{)aeth]ees SXREPL R
| i ke. The phasplifmescange notckedr tbepbaidsy, IHdarilhagurnsbrgoamnpkesnd hespef
i ncl ude nonodent at e phosphi nes, such 35 as triisoEropyIphosphine,

tri-terlt butSRHESShi ECNINEN2891/RYIFSGBETFS §3g07he most

preferable. The palladium compounds are not particularly limited,
and examples thereof includé tetravalent palladium compounds,
such as sodium hexachloropalladium (IV) acid tetrahydrate and
potassium hexachloropalladium (IV) acid; divalent palladium

20 compounds, such as palladium (II) chloride, palladium (II)
bromide, palladiﬁm (I1) acetate, palladium (II) acetylacetonate,
dichlorobis (benzonitrile)palladium (II),
dichlorobis (triphenylphosphine)palladium (II) and
'dichloro(cycloocta—l,5—diene)palladium (II);'zerovalent palladium

25 compounds, such as tris(dibenzylideneacetone)dipalladium (O),
chloroform complex of tris(dibenzylideneacetone)dipalladium (0)
and tetrakis (triphenylphosphine)palladium (0); and the like.
Among these, tris(dibenzylideneacetone)dipalladium (0) and
chloroform complex of tris(dibenzylideneacetone)dipalladium (O)

30 are preferable.

Examples of ligands include phosphines, N-heterocyclic
carbenes and the like. The phosphines are not particularly
limited and examples thereof include monodentate phosphines, such

35 as triisopropylphosphine, tri-tert-butylphosphine,



-22- triphenyl phosphine, tri-o-tolyl phosphine,

2- (di -tertbutyl phosphi no) bi phenyl

2-di -t er twbubylgebs2zsphi no- 2' - (N, Ndi net hyl am no) bi phenyl , PCT/JP2011/052307
2-di -tert-butyl phosphi no-2'- net hyl bi phenyl,

2-di -tert-butyl phosphino-2',4",6"-triiseprepyl- 5 1,1'-Dbiphenyl,

2- (di cycl ohexyl phosphi no) bi phenyl, 2-di-tert-

but yl phospht nigeheny1pho selpittehy It ri20-do tyigitoisepkyhphodphdindge2 t6-

di net hoxy- 3- sul-fonato-1, 1'-bi phenyl hydrate. sodiumsalt, 2+ B

(i oyel ohessToHOLRRP R B PR o) Rt hyl Sk HT BB iros2 - (N

di cycl ohexydjpleaspgiendnd) hfohethyli, - prapoxgr=tEbiitybhppdestyino-2- -10

di cycl ohexyl phosphi no- 2! - net hyl bi phenyl, 2- . r e or s

i Syt oneFIRORaRNRRYL o 2 s BT Biphi 1012”4 i g 3opropy1-
di pheny|5phOB,plh:—mﬁpB'eﬁ§I\l, ;\’E-d(id]i%tyh:ybﬁﬁiiﬁlﬁhl‘ms@:ﬂ@lﬂwb%pheny]l,bZ—di— tell”t—
5-(di-tertbutyl phosphino)-1',3",5 -triphenyl-1'H[1,4']-bipyrazole

2- (di tert - DR IBROSHAF HOYL AL PRERFRDTHE by i1 GFeCY AN SSEhopBhi 1O 1 6-
but yl phos phi irhbxphenyht dndtadal ! -pigﬁﬁ_yqt ayRhesONBTm SHEH, as-

1, 2- bi s(di phenyl phosphi no) benzene, 2, '-bys(dlphenylphqighlno)-

1,1 -bi naphfmzcl@PEXb}%fe%ﬁpé}wwr%hoéw-_rﬁ}}wgbglamm)m gAY hent,

1, 2-bi s(di pcﬁ'f‘é}%él%%%?bbﬁ@%&ﬁ%ﬂ@ , & 3dil?ﬂ—§>(rf[5EBQ§ﬂi’,l Phaspieng) propane and

1, 1- 20(di phenyl phosphi no)ferrocene. Anmon ese, nore preferable are 2-
di - t er tl0but §igudoprKkmbrROsSEhing-2f ringsapkompenyll’ 2Hi phenyl, 5-

di -tert-butyl L -1 03 S At nyl L' ' 1+ BispyE oo
2 tert- by eRSRay e 2t (AP KSR oy 1 YABRSA, 2
(di cycl ohexyd giroyphnephipheriy (N, Bndifet(tdilamend) biphdptlos phi(do) ted5
1-ph -1 rrrole.. and st,,preferable i.s.2-di-tert- . .
bu?yfgﬁospE%éﬁ&%ﬁ%PipF%nQ}{ﬁﬂ’?ogéoﬁyi}ébﬁ?iﬁﬁlpﬁéh§1E I-bipyrazolqy 2= (di~
N het er ocyctert-¢artheéphsspiimd)etl -paehy Tl idw rbil g t &6 2andiiexanpt es t her eof
i nclude 1, 3- (bis(2, 6-,dijsopro nyl)imd | i ni um chl ori.de,
S (b R GsPhir bRy PTG GaeRors HECSPnsith S5y 36.
t ri met hyl phemHyiisnddpreh y 1IBHeBphhhel béezerk ,32( b s 2s ddifphenylphosphino) -
trimethyl phenyl)im dazoliumchloride and the like. W) |
2011/ 093529bc1¥ “PBrgPRERBba (R 2P3s (HiphemrRhogPa NG T /mM et Axtranddifites
t her eof i ncl ude,iRaphbResi gHIehli hoPebhsidi iisapr opyl phenyl )i mi dazol - 2-
yl i dene] pal | adi um (0 )

napht hoqui rﬂ%ﬁe@l@b@%?@%@@&l{%ﬂwifﬁp@afzoa@ Wrildene] pal | adi um (0),
al 'yl chigor 0(cﬁi]pk%'ny@}fﬁb§%ﬁiidoa%rr99¥éﬁg.enfﬁn))h?" gaz - goybi geosd nalileadi-un -
(1), allylchlForo-[1, 3-bi s(diisopropyl phenyl)i m dazol -2-"ylidene] pal I adi um
(1), allyl@tts] m?slmﬁ@ﬂnh%ﬂprﬁf)ﬁﬁi azaliizopyppyien] i aliabenyd  13-) ,

I Iyl chl 1.3 hi g(.di h AR N iginyli dene um
1 ool Pl ageagabenyS) s 2 miiazol Lo depel il adh
bi s(di i soprapydpleetybht yd prepspihinoyR{ d @he]shimeaty lLam{nd)biphenyl, 2-

oot o Y £ 88 bt AL ORI P o2 -tort -ty pnosphino -
bi s( di i2bopr bteptydryHypyrctalzgl addyhosie rpa}gpf&lﬂaadi'e uirs (249i-diemer,
dichloro- (L, 2 B (4l Rbgov Phosphipo) ferracenyl) palladiam, (1),

The N-heterocyclic carbenes are not particularly
limited, and examples thereof include 1,3-(bis(2,6-
diisopropylphenyl)imidazolinium chloride, 1,3-(bis{(2,6-

30 diisopropylphenyl)imidazolium chloride, 1,3-(bis(2,4,6-
trimethylphenyl)imidazolinium chloride, 1,3-(bis(2,4, 6-
trimethylphenyl)imidazolium chloride and the like.

Examples of complexes of transition metal compounds and

35 ligands include palladium complexes. The palladium complexes are



15 di chl orobi s(tricycl ohexyl phosphi ne)pal l adium (I11), dichloro-(1,5-

cycl ooct adi ene)-palladium (11) and the |iKke. The inert solvents
i ncl ude sypabe/@Es291 xed sol vents, for exanple, water; ebphegpaalyeBls such
as di oxane, 20 tetrahydrofuran, diethyl ether, diethylene glycol dinethyl
ether and et hyl ene glycol dinethyl etherpszaliphatic hydrocarbon sol vents
such as hexane and heptane; aromatic hydrocarbon sol vents such as benzene,
t ol uene andchotylpereichosery aligaket, sehy entsnpd eehtBsrémt Harolhide et hanol ,

i sopropanol and tert-butanol; 25 ketone solvents. such as _acetone and net hyl
eyl ket orbTHIgaHON GRS Sbl st (CEL ARSI KT AN HaL HiA G ead de ( OV

di met hyl sul g 1 pRVBEN i unh epoa e hgh PhaEBRmes [a¢Bthid (i 891 pNei dazol -
acetonitrile. Aromatic_hydrocarbon solvents are preferable. As the basic

conpounds, 4 ¥dideeeyPratlitoh OnesatanlBE 3@ lded; which include, for
exanpl e alkal (qiTebakopyasidesmsdsho 2 -Sadiuuie AT Oxdidg (11

. ) €L . ) .
pot assi um hydr oxi de, cesi'um hydroxi de and |ithi um hydroxi de; al kali netal

car bonat es aulef chd osedi L daridiasepropiladsiny ) éBE®#ErE€ -~ cesi um car bonat e
and lithiu : : | t Qgencar - k11 Ri_ym 35
hydrogencag%§%%$%?gég%?€%1 ygggeeggég%%%%te 32693%?%§§F§#&ﬂ&€§léééél'é

2011/ 093529PCHair20211 882307 1-124- ahyvitdyercarbeAabes (dlikapbroppipttenyduch as

sodi um and jpot assi_unt i i . SUC S j j.de, d _hydri de
and pot assi e ass AT AR peR e i ade BRChY AT BTt Gk He.
sodi umiét haxi deliipopassy usharstlldxi dezah {ydtidese Upa Bl etilvoxi(de) , | i t hi um
tert-butoxi de, sodiu rt-butaoxide, potassiu ert-buf oxi de; and organic
bases such éh?qgiéigﬁg%%ﬁ?ﬁﬁjvarbﬁﬁﬁ?iéﬁﬁqﬁ?Pygbb?HY¥9T'huinoline,
pi peri di ne, imidataz0beny Neddhd giall sapi epy | B, neli cli aes-hyll @+ nopyri di ne,
L0di azabi oyl B 1SOBT ARG | BN 2 4L ey 2851 B3 b 518y (BFUriiigne. 7

i azabi c h < =298 4 n e-
(DBY) and 1g#-h1¢irazabi gys] O[R phedl k86 (HABEP ocenyl) palladIR@SEI DS C
conmpounds are used singly or as a_mxture of two or nore. 15More preferab
exanpl €9 arfél%h@moblﬁégmcmwaré@h@whl%@ raddpdiyhetHoxi déchsen . 5-
et hoxi de, pol@sIHAUTBLEPX M8 .-dR0hasst PRl ksl deke! i thium tert-butoxi de,
sodi um tert-but oxi de and potassiumtert-butoxide; and al kali netal

hydr oxi des such as sodi um hydroxi de and pot assi um hydroxi de, or a m xed
base of

(0]

The inert solvents include single or mixed‘sleents,
for example, water; ether solvents such as dioxane,

20 tetrahydrofuran, diethyl ether, diethylene glycol dimethyl ether
and ethylene glycol dimethyl ether; aliphatic hydrocarbon
solvents such as hexane and heptane; aromatic hydrocarbon
solvents such as benzene, toluene and xylene; lower alcohol
solvents such as methanol, ethanol, isopropanol and tert-butanol;

25 ketone solvents such as acetone and methyl ethyl ketone; and
polar solvents such as N,N—dimethylformamide (DMF) ,
dimethylsulfoxide (DMSO), hexamethylphosphoric acid triamide and
acetonitrile. Aromatic hydrocarbon solvents are preferable.

As the basic compounds, a variety of known ones can be

30 used; which include, for example, alkali metal hydroxides such as
sodium hydroxide, potassium hydroxide, cesium hydroxide and
lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate and lithium
carbonate; alkali metal hydrogencarbonates such as lithium

35 hydrogencarbonate, sodium hydrogencarbonate and potassium



20 tributyl am ne and potassi um hydr oxi de. The anmount of
transition netal conmpound used is usually 0.0001 to 1 nol, preferably 0.001
to 0.1 nokoPRe11/038426 of a conpound represented by Formul actdr20128536 anount
of ligand used is usually 0.00005 to 10 nol, preferably 0.001 to 0.4 nol

per nmole of a conpound represented by Foepmula (2). Additionally, the anount
of ligand used is usually 0.5 to 10 nol, preferably 1 to 4 nol per nole of
a transiti onydmigehcaobpoatss. a3@ihe metnmﬁ smbhbasisndﬂnﬂpauddeS&gbjum,usuaIIy

0.5 to 10 npl, refe abI to 6 nDIe conmpaund represented
by For mul a F3J-inup D33 GUisBo6pCTPdBIL 6823095 58 SEFags e A
conmpound regrtr@sserihmdhp&rfdu mallaa(re)meealueeqkokmde@ e ls @f)diifﬁm| east 0.5
nol, preferably about 0.5 to per nole of a conpound represented by

Formul a (2)meBPRddeeadPib & eﬂgﬁurEPQﬁsﬁ%H@ BBV 12 AP FoROT RS | y

room t emperatnd:8de? 2906 uPreheraht ¥x1 @OMIBABAT 86 -nit@x1a8C pdhesJieact i on
tinme is usually about 1 to 30 hours. <Step 2> 10A conpound represented by
Fol mul a (11t)elrt§bp1rce§a¢ed A cEgepiAagPasomystinas r eprideieBdndy Fornul a (1)
with an or gt‘?f‘lp%o% gﬁ)rqdlne, u1nollme f)? I‘icﬁrheOf 1@11895@9@”%—
represented by Fo nula (10)Y with an organic 'sulfonic acid i s perforned

wi t hout a setihuwdiiiisoprasyliamiae,i déemethplamimopyahding, ttrdmgibygbarcinef a
basi ¢ conpoun I f. Exanpl es of organic
sul foni c ac#%ﬁ?ﬁﬁ%%ﬁhg I%gtﬁgﬁggggﬁ%gﬁéﬁ%ﬁﬁﬂed baratoluene sul foni ¢ aci d,
trifl udlomedirradisytiod 3 ddindnenet b obigBNdegné, 8ul fonic acid (ortho-, neta-,

para-), y ne suI o] aci ingd 2, 4, 6-
trrrsopropf%ﬁgﬁ§3ﬁ¥ get? {Q@ egen%h Q%%an|8g3g1 onic acids are
preferably dmﬁﬁhblnybme[ILﬂJﬁ]@btanea¢DABdnal|de (rmore preferably, chloride).

These basic compounds are used singly or as -a mixture
‘of two or more.

15 More preferable examples are alkali metal alkoxides
such as sodium methoxide, sodium ethoxide, potassium methoxide,
potassium ethoxide, lithium tert-butoxide, sodium tert-butoxide
and potassium tert-butoxide; and alkali metal hydroxides such as
sodium hydroxide and potassium hydroxide, or a mixed base of

20 tributylamine and potassium hydroxide.

The amount of transition metal compound used is usually
0.0001 to 1 mol, preferably 0.001 to 0.1 mol per mole of a
compound represented by Formula (2).

25 The amount of ligand used is usually 0.00005 to 10 mol,
preferably 0.001 to 0.4 mol per mole of a compound represented by
Formula (2). Additionally, the amount of ligand used is usually
0.5 to 10 mol, preferably 1 to 4 mol per mole of a transition
metal compound.

30 The amount of basic compound used is usually 0.5 to 10
mol, preferably 0.5 to 6 mol per mole of a compound represented

by Formula (2).

The above reaction may be performed at normal pressure;

35 in an inert gas atmosphere such as nitrogen or argon; or under



An organi c sul fonyl oxy group represented by X3 is a 25 group derived from
an organic sulfonic acid. Exanples of organic sulfonyloxy groups include

net hanesuboowl@3sse (Mmesyl oxy), paratol uenesul fonyl oxy (pegybaiYds2so7
trifluoronethanesul fonyl oxy, nitrobenzenesul fonyloxy (ortho-, neta-,

para-), 2,4,6- trinethyl benzenesul fonyl ayy-and 2,4, 6- 30
triisopropyl benzenesul f onyl oxy. The inert solvents include single
or m xed sobmesuse.for exanple, water; ether solvents such as di oxane,

tetrahydrofuran, cyclopentyl nethyl ether, dieth et her,, .di et hyl ene gl ycol
di methyl ether and efh %ﬁé@q§I§88 e%ﬁ%ﬁ%%;ﬁ’§€r@¥L%r&”e§FePS§ P%bﬁ?% such

as nethyl agehatteorebbyleaset@tsemol W 209952866 /0)R2@1150eBYer 26-
i sopropyl acetate and t-butyl acetate; aliphatic hydrocarbon sol vents such

as hexane dMh&St EnEOMRPHIALIPIRYEPERADBOALBIYRNtS) such as benzene,

tol uene sand xyl ene; tQuereAltGeRoLemOlMaANLS S¥ChhaSadRihargke st hanol ,
i sopropanol and tert-butanol; 5 ketone solvents such as acetone and net hyl

et hyl ket onesuady pePartempematisesten?®R’ Iy, RreERERPY froorafETReXINRE to

di et hyl sul {gydcde RVEQBKANERINDRRSANGY! Lodidl 4 k! 30T AG AN
acetonitrile. Cyclopentf1 nmet hyl ether, ethyl acetate and

N, Ndi et hyl f ormam de (DMF) are preferable. 10As the basic conpounds, a
variety of -qnes can be used, which include, for exanple, alkali meta
hydr oxi des such as sodi um hydroxi de, potassi um hydroxi de, cesium hydroxi de
and |iti®i um hydr oxi d&; cahgkalnd mepaésaardsbhgt Esrsutd dd)sadi prepardsbivgt e,

pot assi um carbgnate, cesium carbonate, a | it'hi um 15 car.bonate; al kal

ot ) hydr GG HoRat ST e8P ERT S dPOTHNE al Hodre, 28 aor gL

hydr ogencar onairg caadipgot assi um hydr ogencar bonate; al kali nmetals such as

sodi um and potassiu i norgani ¢ bases such as sodiun1anig§, sodiunuﬁégride
u

and pot assi um hydri dE2€ FSEHGORePhI @ FRBAUGEs FERERS L Sh Y uRP T et i de,

sodi um et hoxi ©e,anPet-gaai 8 RUEAIMAX Heid PRd desifemnel hexidfe ki EB1WAt, or
tert-butoxide, sodiumtert-butoxide, potassiumtert-butoxide; and organic

bases sich W an il@ery| apd YRt it Angr dpythintesepyei af e PagdicnsPppeund, or

pi peridi ne, ; j @dazekencd gt nddi i sopropyl am ne, di met hyl am nopyri di ne,
trimethyl am ne, 25 di nethylaniline, N-methylnmorpholine, 1,5-

di azabi cycl o[ 4. 3. 0] nB¥ & (DBRygani@-swiferabi egeto B4 udpuRdidife- 7 ( DBU)
and 1, 4- d'é&ﬁ§hﬁ§pgeﬁg' 203G (AR 1. acﬁd trifluorometh§se basic

compounds are uséd singly or as a m xture 30 of fwo or nore. A
basi ¢ conposwdfdrs cuggadll ynusebeinzenn awblimticofcdds (ewthd-,noktapr efareabl y

0.5 to % mo} per_ 1RhEtRY 18 CAMOUNS hEPL 68N ghqby, Fogmula (10).
triisopropylbenzene sulfonic acid. The organic sulfonic acids are
preferably used in the form of an acid halide (more preferably,
chloride).

An organic sulfonyloxy group represented by X is a

25 group derived from an organic sulfonic acid. Examples of organic
sulfonyloxy groups include methanesulfonyloxy (mesyloxy),
paratoluenesulfonyloxy (tosyloxy), trifluoromethanesulfonyloxy,
nitrobenzenesulfonyloxy (ortho-, meta-, para-), 2,4,6-
trimethylbenzenesulfonyloxy and 2,4, 6-

30 triisopropylbenzenesulfonyloxy.

The inert solvents include single or mixed solvents,
for example, water; ether solvents such as dioxane,
tetrahydrofuran, cyclopentyl methyl ether, diethyl ether,
diethylene glycol dimethyl ether and ethylene glycol dimethyl

35 ether; ester solvents such as methyl acetate, ethyl acetate,



WO 2011/ 093529PCT/ JP2011/ 052307 - 27- A sulfonic acid is usually
used in an anmount of at least 0.5 nol, preferably about 0.5 to 5 nol per

nol e of ayeIP@YEr epresented by Fornula (10). The reagtirgpdigi88§AL Ur e of
t he above reaction is 5 usually -20C to 100C, preferably -10C to room

tenperature. The reaction tine is usual lgeabout 15 m nutes to 30 hours.
<Step 3> A conpound represented by Fornula (12) is prepared by
10 subj ect i igpraropyirpaasich ree @nels € abedy bye degratel aa (ddhattic agdepoxitistat i on
reaction. The epoxi dati on reaction is erf.orrre% wi t hout a sol vent,
or in an i EFSIEEVERED S TR ENE r SSEE of AT BT (IEGREBURE or in the
absence t hes@ofenti5Fhehi nederseheentsludiad ude synghe Qowairxetcsdvents, for
exanpl e, water; ether solvents sugh as di oxane, tetrahydrofuran,

Oycl opent yI SHetanH sbRRras RISPRTP et A Ui e LRYPEPRATNY @BF BRFeTIRAE e her

and et hyl eng-tfrkceb1demes YlcrebBehce€SiEansOh¥eRY S SURN &stBRE Nydndcet at e,
ethyl acetate, 20 isopropyl acetate and t-butyl acetate; aliphatic

hydr ocar borPRlGi SRLESRER W Rex Mnd-&Hee HeptareaniidndEe - hydr ocar bon

solvents sughhas H8N7EHLdd 0('091%@?, andandt@RBphbo¥Rsr &l Gehal + 8o Singuch
as net hanol, ethanol, isopropanol and tert-butanol; ketone solvents such as

acet one andegiiopitraiay| Cyelopentwhdrethypobbliresolaidntsasgiedteasand N, N- .
N, N- di et hyéfnge}r%mfggmgﬂé@ _,([ﬂ]iﬁregp%(l Ul foxide (DVSO), hexanet hyl phosphoric
de and acetonitril Cyc

acid triam e. entyl nethyl ether, nethanol and
N, Ndi m8ohyl f or mam deA¢ DNVE bause cprefiprabise. aAsathetbadi &nownponasssanabe
variety of kno nes can be 3Q used i ch,includ for .exampl e, alkali
net al hydrog(sleéiel!\g wglﬁg as” suod(%’u%oﬁy%?%mxp%é, a[%:})( g%slp%rﬁdh% rd 5%%&5 cseuézlhur‘—’rl]s
hydr oxi de aswilunt hiyderokidl ,0xictessalkahydrediak, caebnmatgsirsentte asndodi um
car bonat e, m.car b%m_ataggcagesi um car bﬁnat e and lithium carbonate;

ot i
alkal i ot al HUGRoGeHES BoHareladacRe R, [FEROORTSS Tt Gerite Bonat o,
sodi um hydregenertbonpbeasdidnpebabshate, \¥2s20h1E8352HRCENIP20dH 052307

15 carbonate; alkali metal hydrogencarbonates such as lithium
hydrogencarbonate, sodium hydrogencarbonate and potassium
hydrogencarbonate; alkali metals such as sodium and potassium;
inorganic bases such as sodium amide, sodium hydride and
potassium hydride; alkali metal alkoxides such as sodium

20 methoxide, sodium ethoxide, potassium methoxide, potassium
ethoxide, lithium tert-butoxide, sodium tert-butoxide, potassium
tert-butoxide; and organic bases such as triethylamine,
tripropylamine, pyridine, quinoline, piperidine, imidazole, N-
ethyldiisopropylamine, dimethylaminopyridine, trimethylamine,

25 dimethylaniline, N-methylmorpholine, 1, 5-
diazabicyclo{4.3.0]lnonene-5 (DBN), 1,8-
diazabicyclo[5.4.0]lundecene-7 (DBU) and 1,4-
diazabicyclo[2.2.2]octane (DABCO).

These basic compounds are used singly or as a mixture

30 of two or more.

A basic compound is usually used in an amount of 0.5 to
10 mol, preferably 0.5 to 6 mol per mole of a compound
represented by Formula (10).
35



-28- hydrogencarbonate; alkali nmetals such as sodi um and potassi um

i norgani ¢ bases such as sodi um am de, sodi um hydri de and potassi um hydri de;
al kal i magglaldegsbdes such as sodi um et hoxi de, sodi umpet/ypxi186s2390t assi um
met hoxi de, potassium5 ethoxide, lithiumtert-butoxide, sodium
tert-butoxide, potassiumtert-butoxide; -and organi c bases such as
triethylamne, tripropylam ne, pyridine, quinoline, piperidine, imdazole,
Net hyl di i sopr opyI am Mesulcﬁdmtchybam Imp,yeruadilyeusedilrretalmybmaimte of at

di met hyl aniJin 0, di o cIo ] nonene-5
(DBN), 1, 8- i &b cve?b[%re e6]a éje%‘%%t P- %’ <§i Per. bte %P

di azabi cycla{ngyozma] eepadeer(fRBEY) Formula (10) These basi ¢ conpounds are
used singly or as a rrgéxture of two or nore. The anmount of

basi ¢ conpound used T eu%%?é%tllﬁnot%mlf%ralt@rﬁof’% Phefdiy’s yeacsion ¢ nol per
nmol e of sa Clmllﬁ’d -pepe esentodd chypFordrtdia  11)° c26d heo @b @¥Rps £RGIHON The
tenperature of the above reaction is usually -20C to 100C, preferably OC to
r oom t enperERaFteONThEM? ob (4R LY nBbPRt UsuaRrytasoid 5 heikates to 30

hour s. The above reaction nay be perforned in the presence of a
phase-transfer catal yst. Usabl e phase-transfer catal ysts 25 include
quat er nary €¥ffni3am salts substituted by a substituent or substituents
selected fromthe grou i S n d

having 1 to 18 car bOZSI’?l (gt U%d Rﬁ'éﬁ‘g?é)(%notlv\é/ed:% I E8%m\gfr%ugs}efan% %%éePy grgups
such astt etstédnﬁcyllagn@m@mpcaiﬂdonrepeesermaohw ybamwbmi (i) btonaule,

tetrabutyl aerm)nldém fl uloéallc e On30 t et rabut yl anmoni um i odi de,

t et r abut yl anmoni um ﬁydrom t et rabut yl ammoni um hydr ogen sul f at e,

tri butyl net hyl anmonTiwn e;istbmrdaatepnt ltebclttwrberszy:leammedmwmﬁc@ltl desolvent,

t et rapent yl ammpni_um, chl or et rapent yl. ammoni um br o

Lot r ahoxy] SO G ERFBH 136 /BERz R HotH BEEJPATO GnPeil GrFarouss

met hyl t ri hexylianmreei gpsehdordn@decot WO 2011/ 093529PCT/ JP2011/ 052307 - 29-
benzyl di_met hyl oct adecanyl| ammoni um chl ori de, nethyltridecanyl anmoni um

chloride, benzyltriptopyinshionrlieets o‘rr}cde‘debéh%‘%ﬁi rqrefnﬁifﬁgn"f’r%]rﬁ%S'

chloride, phenWdanbethyhaamnidimeehtoriddes akthags hylsaa@ni um chlori de and
t et r amet hyI anmoni um 5 chl ori de; phosEhonl um sal ts substituted by a |inear

or br anchedt%nwydépéumnmﬁmi@pfnm retdarlbefhar ordietdiydhehier,
t et rabut hyl phasph emeu%f B 014 4R ngNde Pyl i e%§§éﬁé JyRstl &Hﬁ@&lﬁy a

| i near or branched al groups having 1 to car bon atons, such
1- dodecany| §5hr€xdi gistay cppbrands. such as methyl acetate, ethyl acetate,

20 isopropyl acetate and t-butyl acetate; aliphatic hydrocarbon

solvents such as hexane and heptane; aromatic hydrocarbon
solvents such as benzene, toluene and xylene; lower alcohol
solvents such as methanol, ethanol, isopropanol and tert-butanol;
ketone solvents such as acetone and methyl ethyl ketone; and

25 polar solvents such as N,N-dimethylformamide (DMF),
dimethylsulfoxide (DMSO), hexamethylphosphoric acid triamide and
acetonitrile. Cyclopentyl methyl ether, methanol and N,N-
dimethylformamide (DMF) are preferable.

As the basic compounds, a variety of known ones can be

30 used, which include, for example, alkali metal hydroxides such as
sodium hydroxide, potassium hydroxide, cesium hydroxide and
lithium hydroxide; alkali metal carbonates such as sodium
carbonate, potassium carbonate, cesium carbonate and lithium
carbonate; alkali metal hydrogencarbonates such as lithium

35 hydrogencarbonate, sodium hydrogencarbonate and potassium



10In this case, the reaction is preferably perfornmed in water, or in a
m xed sol ution of water and an organi c solvent inmscible with water

(benzene,wbohisanss2o Xyl ene, nethyl ene chloride, 1,2-di chipergpidiapesoetc.).
The phase-transfer catalyst is usually used in an 15 anount of 0.01 to 0.5

nol, preferably 0.2 to 0.3 nol per nole-gig-a conpound represented by
Formula (11). <Step 4> ' : A conpound represented by Fornula (13)
i S prepar echyyrZfencaabbhaig: Ark1&R0X ymetapo Wudhr apr es@inine dinbly p&os $ad an;( 12)

with a 4- njtroim.dazol e conpound represented by Fornul a.(8). A
conpound reb?%%%’tlé;déﬁfieﬁ'fo? &5( f?;g‘i’% EHI&?%I’I ?X%%‘Hq}ijr‘f&éﬁeaﬁﬁﬁnt of 0.5 to
5 nol, prefestaddasdh bytipide Ml1kpen Aet£l ofl kdxcaaposich repsegenhed by

Forrmul a (8). 25As the basic conmpounds, a variety of known ones can be used,
whi ch i ncl UBRENF G SAPHEN STROFdERT cPPRIS WUBRT RS IRy alPohgasi¥Rs, al kal |

netal | gnere@ldeodadesi tRveh @drdedut 621 RoNalRs uAnde hydsiagsneal besad &5 urand
organi c bases such as acetates. The netal hydrides are speC|f| cally

exenpl i fi edt®Et IMtozdfiam Hyd arganafdopatasicinpRy BF ety lamine, The

al kal i netal 13hkAX] 485y 121005 PEGI £d ald, Y pexerphi fd ed hMasom um-

met hoxi de, s%ﬁgﬁyet homéble AT lpce)t'aglgjfumt_er't Pbgt oxi de.’ n2¥a2Of, The
hydr oxi des eltleylshidsiobirenylamiges nplingtleyl diyi nopdirtei®s, Hydimexhybamire,

pot assi um h i . The_ cayt A 2011/ 093529PCT/ JP2011/ 052307
-30- speci f%%g%ﬂﬁg%lr%ﬁ?? ?%3“%%3‘3’25‘8. k(r;r)?lclar o(ﬁ%é e and potassi um car bonate.
The hydilogedtardinnaices [ 4r 2. Glpenieheecal (IBNxenplB-fi ed by sodi um

hydr ogencar hbonate an tassi um hydr oge bgnat e. , 5The i norgani c bases
also inclu las%%ﬁf%ciﬁl!?ge@ (ﬁr]iméi&&lx‘fl?o {@ﬁ‘{)hgn bgv[é. The
acet at es areisnagidyictal b y2 exerxplanti edakyo)s.odi um acet at e and pot assi um

acetate. The organic_salts in addition to the ahove are specifical Iuy
exenpl i fied by trietﬂg?%ﬁﬁ ic compounds are used singly or as a mixture

of two or more.
15 '
The amount of basic compound used is usually 0.5 to 10
mol, preferably 0.5 to 6 mol per mole of a compound represented

by Formula (11).

20 The above reaction temperature of the above reaction is
usually -20°C to 100°C, preferably 0°C to room temperature. The
reaction time is usually about 15 minutes to 30 hours.

The above reaction may be performed in the presence of
a phase-transfer catalyst. Usable phase-transfer catalysts

25 include quaternary ammonium salts substituted by a substituent or
substituents selected from the group consisting of linear or
branched alkyl groups having 1 to 18 carbon atoms, phenyl lower-
alkyl groups and phenyl groups, such as tetrabutylammonium
chloride, tetrabutylammonium bromide, tetrabutylammonium fluoride,

30 tetrabutylammonium iodide, tetrabutylammonium hydroxide,
tetrabutylammonium hydrogen sulfate, tributylmethylammonium
chloride, tributylbenzylammonium chloride, tetrapentylammonium
chloride, tetrapentylammonium bromide, tetrahexylammonium
chloride, benZyldimethyloctylammonium chloride,

35 methyltrihexylammonium chloride,



10 trinmethyl am ne, diisopropylethylamne, pyridine, dinethylaniline,

1-met hyl pyrrolidine, N nethylnorpholine, 1,5- diazabicyclo[4.3.0]nonene-5
(DBN), 1,80 #imnadbcycl o[ 5. 4. 0]undecene-7 (DBU) and 1, 4pc1/yp2011/052307 _

di azabi cycl o[ 2. 2. 2] octane (DABCO). 15The basic conpound is used usually in
0.1to 2 nol, preferably 0.1 to 1 nol, more preferably 0.1 to 0.5 nol per
nol e of a conpound represented by Forrmula (8). The reaction of
a conpound pepsEisenkeety byctatgndngl ahddnand chleenpepund represent ed by

Formula (8) is perfaormed usually in 20 a suitable sol vent. , As

t he sol ventrge,t}&%\HFid@F?/n alm“oﬁggo’@aq?'bé’eﬁi‘§¥§?r%1f%ﬂ1a§‘m9ﬂja‘fmdo not

i nhi bit theck ps&itdegnbah ey Pf €f _Eﬁmoﬁ%@ﬂfﬂkﬁ%;@ﬁe,s%rﬁ@t}t@@tﬁylﬁﬁﬁdﬂﬁm
aprotic pol ar. solvents such as dinet hyl f ormam de ( ), di met hyl sul f oxi de
(DVBO) and 2BLicidiFonfEFF 2N NAMBIRE 148 Tt dsueRdakebic@icthy LaHEC ey |

et hyl kef ongn1 JWi0CBhEOPh SOl ML RES £ SUSHHL S tRRBECBE a L OIHRNE o r XYL Shed
tetralin and |iquid paraffin; alcoholic solvents Such as nethanol, ethanol,
i sopr opanol 2l greher Aadinerlt toutl 8nedrbast epmsel $ePht £5uch as

t et r ahydr of HE) oh&¥ et t Lyl ﬁ%tdf1 . di 03 il S0 I

et her, di etﬁ%&ﬁe? gnd @}%ﬁyne?éhég?e@'so veﬁ%’glg%@ a?ar%gtghgﬁlﬂji%gu?t@eﬁ,

et hyl acet abe,a ilsopropyt lcatdied andyl -duiyds aeetingel @nd Snicrtibore sattdrer, eof .
These sol ve c i ter. .. . . Jhe reaction of a conpound

r epr esent ed%@n n%?/%uﬁgg%ﬁ%y%ﬁﬁdénégnnp%}blnodflrdgpr esented by Fornula (8) is
perforrgd, for 35 exanptiels lyasei ssbévreartiloa donpoefa-acdyr psefidbetedyin
Folrmula (8) in_ WD 2011/09352 PC;;/ P2011/ 052307 -gl- a reaction solvent,
addi ng a ba%®ToMSodHd® B4 SSIPGE PR RV AT Ti 8BS BT EEnpet S r e or
room terrperaﬁmﬂs&:iqoaegwitﬁ(x@texndbénaéhérimue&bi,rky?@lé,halgghﬁ@nﬁ at room g
tenperature to 80C for_30 mnutes to 1 hour, thereafter adding the conpoun
represent edCW@%rgru?égj(‘i%‘),m&ﬁ&%%nt?%i)ng stirring the mixture nornally
at room tenperature tRe {isc-praherabl yawaB80Ci50ud@0C f akedOimidites to 60
hours, preferably for 1 to 50 hours. The conpound represented by Fornul a

(8) is & knderrto ofoRpBlnt? Grd &odonpbeirraHat OcaAntde eadioly PRF epre @

according t9 Sokhwa PELROSLhtE 8) PSrmula (11). A conpound represented
by Formula (1) i's prepared by 15 Subjecting a compound represented by
Formula (13) to a ring closure reaction. The ring closure

reaction is.gerforned by dissolving the conpound represented by Formula
(13), which is obtained in Step 4, in a reaction solvent, and adding a
basi ¢ conmpound 20 t haretmpanmd! sepresagteddynmirtruuba (13) is prepared by

20 reacting an epoxy compound represented by Formula (12) with a 4-
nitroimidazole compound represented by Formula (8).

A compound represented by Formula (12) is usually used
in an amount of 0.5 to 5 mol, preferably 0.5 to 3 mol per mole of
a compound represented by Formula (8).

25 As the basic compounds, a variety of known ones can be
used, which include, for example, inorganic bases such as metal
hydrides, alkali metal lower alkoxides, hydroxides, carbonates
and hydrogencarbonates, and organic bases such as acetates.

The metal hydrides are specifically exemplified by

30 sodium hydride and potassium hydride.

The alkali metal lower alkoxides are specifically
exemplified by sodium methoxide, sodium ethoxide and potassium
tert-butoxide.

The hydroxides are specifically exemplified by sodium

35 hydroxide and potassium hydroxide. The carbonates are



As the reaction solvents and the basic conpounds, the same reaction
sol vents and basi c conpounds as those used in Step 4 can be used. The basic

conmpound w8 ufupkdy used in an anount of 1 to 25 an exceggiip)1dIRdM ,
preferably 1 to 5 nol, nore preferably 1 to 2 nol per nole of a conpound

represented by Fornula (13). The-reaction tenperature of the ring
closure reaction is usually 0C to 150C, preferably OC to room tenperature.

The reacti aspddirfe chdlyiseradnipl iZ0eti byt @it 48rbonditss godepetaddyuml to 30 24
hour s, mor e referably 1 to 12 hours. The reaction m xture may be
used in the §§ Gent ring closure reaction wthout isolating the conpound

represented by For mutige (Hyrogehb&Rodrsa tiisodue edpddt Stcen il v( 4xempfl itfAk@eby
conmpound represented by Fornula (1) can al so be prepared, for exanple, by

35 react i g ICBPIHRAIPRRLOBAL BN %@ﬁéﬂam(fmr%etnﬁ% godound WO

2011/ 098529PCT/ JP2013) 0523 fan3é- nd &5 @388t ecbyad doiha &f)aad imoom
tenperature to 100C, then addi ng a basic conpound to the reaction m xture,

and furthera%ilitrllopngoth}ée mAbavgre at 0C to 100C, or by reacting a compound
represented by Formu h [ F a (8) at
aWbE a@éQ%ﬁRﬂ%@gﬁg feﬁ&QQHQQ1QMt§k Y az

roomtenperature to 1 0 t hen conderisi ng eactron mx sol vi ng
t he resi dueadatadehngt- mnasmglmp@cmats@i vEnhe, oxghtiiny salbasirc ard@irxpoundtcpo t he

obt ai ned SqlqgéQQVeagge egﬁ%ﬁcé xéﬁé%@%1%8'8$ éyh Qgﬁig 100C. 10The

target conpound represen can rep ared by using
0.9 to12 rmiramfetayﬂlamme,caimmmpdopgletrrq}leanﬁhea ppn:pntnmaad ol:: déﬂ&éﬂﬂirﬁdlby,

For mul a (8) reac of .a conmpound r prese d by Fornmula (12) and
the conpound &%Wg%ﬁf% ﬁzopnﬁ?ié%orpgﬁ 8¢t r ‘iig the reaction mxture

at 50C to lnﬁalﬁmﬁc_s;@laﬂw qqelrofn@thI (DBN)Si ngBe process, a reaction between
t he conpound, re resent b For mul a 12& and the corrpound represented by

Formul a (8)d% vFL 8 d rq NG9eFeReT & YENEt PBA Bf4a conpound represent ed

by Formul a il3)amcgeused. by, e agboysag@act i on. 20 The conpound
represented by Fornula (10) in Reaction Schene D above can be produced from

t he copound repr eseRRR I FEPREPEG s isSPAguERRl b d8e8s! sHown Mot React i on
Scheme E be)Qwe2p1React iQn 1SeleMendre preferably 0.1 to 0.5 mol per mole

of a compound represented by Formula (8).
| The reaction of a compound represented by Formula (12)
and a compound represented by Formula (8) is performed usually in
20 a suitable solvent.
As the solvents, a variety of known ones can be used.
Solvents that do not inhibit the reaction are preferable.
Examples of such solvents include aprotic polar solvents such as
dimethylformamide (DMF), dimethylsulfoxide (DMSO) and
25 acetonitrile; ketone solvents such as acetone and methyl ethyl
ketone; hydrocarbon solvents suéh as benzene, toluene, xylene,
tetralin and liquid paraffin; alcoholic solvents such as methanol,
ethanol, isopropancl, n-butanol and tert-butanol; ether solvents
such as tetrahydrofuran (THF), cyclopentyl methyl ether, dioxane,
30 - diisopropyl ether, diethyl ether and diglyme; ester solvents such
as methyl acetate, ethyl acetate, isopropyl acetate and t-butyl
acetate; and mixtures thereof. These solvents may contain water.
The reaction of a compound represented by Formula (12)
with a compound represented by Formula (8) is performed, for

35 example, by dissolving the compound represented by Formula (8) in



WO 2011/ 093529PCT/ JP2011/ 052307 - 3 3- HO R1 HO (CH2) n-0 (10)
In the above fornmulas, RI, R X and n are the sane as the above; RA is a

| ower - al kyb 2011@4Bs20r @ phenyl group which nmay have a subgtlpaghs2367
substituents; and RB is a hydrogen atomor a 5 | ower-al kyl group. RA and RB

may form a cycloal kyl ring together wthsyhe carbon .atomto which they are
bonded. In Reaction Schene E, a conpound represented by Fornula
(9) is & eaci aﬁbatdttibga;@ommm?{dﬁeggeselMs&S:id:meEonmlultaa (tﬁrei \,sol@tﬂ&d Gltt ahn a
conmpound represente Formula (9-ii). Subsequent t he oun

regP esent e %-@&lﬁﬁga\\{%@gqqa)tqrg( Péaﬁ%% Wﬁ“ipﬁcllﬁt‘&]éﬁ%%ﬁd 'réﬁgg)se‘%ﬂd@& by
Formul a (2)sto-abigi Btaresipomedni @phes et edohy t&apdrdturedtbl 80°C for 30
Thereafter, the conmpound represented by Fornula (9-iii) is subjected to

depr ot ect i JRLRY-SF5 tobl abPh i CORPEaRECT cffiEdented By IVBIFurgPrapgnted by
Exanpl es of phowars- ahkyl gouResnthianiggented-iby RieanddBd %wgﬂ%@c

af orement i oned | ower - al kyl groups. Exanples of substituents in the phenyl
group whi chrepiy teaperataimsid tLOEnE, opretdrstilyuaht 80 repiedORt edfdy I9A

i ncl ude t he, af arement %Qnﬁ&ﬂso,""g)&gﬁé?akﬁi{% 9" @YP5e }%\ﬁfggrab' y, 11to 3 such

substituents are present on th eny i ng. anpl es of
cycl oal kyl rings that may be forned by RA and RB together with the carbon

atomto which they a bonded i.n¢cl ude cy.cl n ring, cl ochexane ri ng,
cycl ohept ane ri ng, ailﬁet%ogl%%d26iﬁ7%§e§§f§g%$/ E%%gﬂ]ﬁ 8@%38% ‘l’loknowan
10 compound, or a compound that can be easily prepared according to

a known method.

<Step 5>
A compound represented by Formula (1) is prepared by
15 subjecting a compound represented by Formula (13) to a ring
closure reaction.

The ring closure reaction is performed by dissolving
the compound represented by Formula (13), which is obtained in
Step 4, in a reaction solvent, and adding a basic compound

20 thereto and stirring the mixture.

As the reaction solvents and the basic compounds, the
same reaction solvents and basic compounds as those used in Step
4 can be used.

The basic compound is usually used in an amount of 1 to

25 an excessive amount, preferably 1 to 5 mol, more preferably 1 to
2 mol per mole of a compound reéepresented by Formula (13).

The reaction temperature of the ring closure reaction
is usually 0°C to 150°C, preferably 0°C to room temperature. The
reaction time is usually 30 minutes to 48 hours, preferably 1 to

30 24 hours, more preferably 1 to 12 hours.

The reaction mixture may be used in the subsequent ring
closure reaction without isolating the compound represented by
Formula (13), which is produced in Step (4). A target compound
represented by Formula (1) can also be prepared, for example, by

35 reacting a compound represented by Formula (12) with a compound



-34- like. Exanpl es of conpounds represented by Fornmula (9-i)

i nCl ude acet one, benzal dehyde, p-net hoxybenzal dehyde, 2, 4-

di met hoxywenaalw@sizyde, cycl opent anone, cycl ohexanone, 5 cycirahapt/eswere, and
the like. In the reaction of the compound represented by Fornul a
(9) with the compound represented by Forpuala (9-i), the conpound
represented by Formula (9-i) is generally used in an anmount of 1 to 200
mol , and prefmresehyed by Hdtutel (Beratotenotetnheraiomoued 100° @epﬂesented by
Forrmula (9) Tereactlo of, the ¢ ound repr esent Forrrula
(9) with t AL BuRES e TR entngd By Formi g”? Y epelaflg ﬁ’éﬂt

sui t abl e sodtvientingndhé misherer esente o©f 0SS, tabl leyamazttdat;ahy@dmpo&sldt he

solvents, a wide vari et f _kno an be 15 used, and those that do
not i nhi bi tTHHESPEAER: B Eiqranuﬁeﬁ?é?gbw o GOMBQURD T EPTEEREF Y aNt s | ncl ude
apr ot i c 5pol esrnialav€B} Sas Uedbra g ethbBBa hiytd aloragvde, (BN coflders yd SiHef oxi de

(DVBO), and acetonitrile; hydrocarbon sol vents such as benzene, tol uene,
xyl ene, t et?eﬁqtﬁonh@k‘éﬁﬁ%re'inF§ﬁéVl%%dthq Fesddpar &t 4 HigBrhei 1Ny K9LpéEnt s

such as tetgayeiof Haaind Basidi eXaPGunditcs @RE 0Bt a Bl ko1 dE 8841y langt her,
and di gl yne; ester solvents such as net hyl acetate, ethyl acetate,

i sopropyl abettdies, sShhBErinhUthe sedsther:athd 6genat @ hydr ocar bon sol vent s
such as di chl oronet hane, and 1, 2-di chl oroet hane; and m xtures thereof.

Ket one sol vents such as 25 acetone, nethyl ethyl ketone, and cycl ohexanone

are al d& usabl e. The tarmgednpbegowid capakysnsed nwt ddemihar gla)niqzmaeilde
such as hy L rolr i n ul f i n
aci ds suchd%lés)%{)y %z!ecgggg 1E{%)Snl|hl](y,gdgc|9d9[)nf o uggegu??%lnél c(:!%)a(?%(li‘%;118 e %E)org'%uf)%oni c

aci d, and azetdampoacddreprarEmitenh bal anmmcm (8 30 ahmmaamuohloflade

Py Lo e DSLRLLUOL BRI B anchben 5cLAy BN aR BEY. (ORI

used in a doynmRyImeabak §) i carahettAt-riSypetid lmbtyontmmbysbom tgeneral |y
and referab 0 01 to. 2 nol per nole

usedl nt of 0.01 to 1 nol
of the 95 cObOURE Pep @S¥FHEd oy ot tAE Coprocugs: @ reaction betucen

2011/ 093529 /ctn20dAd O E6ent3ddby Formula 1Ihearﬁ&a&ié edmpsugeneral |y
performed at 0 to 20QC, and preferably at roomtenperature to 150C, and

general |y CEIRASSERSCANPRDRANAEE Phutds Wed laBSup Y hsihosure reactionTgd
hydroxy gr odpsorlouhBer&oraumddr spr @éﬁml%d QB%Fﬁfa&ﬁ@e&@y 2he HRlected by

the reaction descri bed above. he subsequent reaction of the
conmpound re@@é@?@ed by Forrmula (9-ii) vvlth t he conpound represented by
Formul 8(2) is performed under the same conditions as those for the

reaction of
The compound represented by Formula (10) in Reaction

Scheme D above can be produced from the compound represented by

Formula (9) using the process shown in Reaction Scheme E below.

25 Reaction Scheme E



10 the conpound represented by Fornmula (9) wth the conmpound represented by
Formula (2) described above. In the deprotection of the conpound
repr esentwo 20y/d88520ul a (9-iii) thus obtained, various kKrowIPzaaci2zon
conditions for renmoving a protection group froma protected hydroxy group
may 15 be enpl oyed. For exanple, the depsgtection of the conmpound
represented by Fornmula (9-iii) is preferably perforned in a suitable
solvent and in the presence of an acid. B Exanpl es of sol vents used
in this deprotection include thoseglsed g tihe reaction of the conpound
repr esent ed ﬁ%) mula 20(9)_with thegc gﬁn réoyBsented by Formula (9-i)
descri bed . ! of Oaci_ i i, hor gani 5J ds; such as
hydr ochl ori ¢ aci d(,CHP&}H_r%b § atid, and sulfuric agH;f“ gac?(ds such
as benzenesul fonic acgﬂhnp- ol uenesul fonic acid, 25 cgmphorsuffonic acid,
and acetic acid; and nium salts such as amoni um chl ori de, and

pyri di ni um hexaf | uor oanti nonat e. The acid is generally used in an
anount of 0.01 to 1 nol, and preferably 0.01 to 0.2 no| per nole of the
conmpound represented by Formula (9-iii). 30The reactioh RH deherally
performed at "0 to 200C, and preferably at roomtenperajure to 150C, and
generally conpletes in about 30 minutes to 24 Rours. The raw
mat eri al conpounds and i ntended compounds in each of the above reaction
fornul ae, whiggh iglcl ude the conpounds WO X 935R'9PCT/ JP2011/ 052307 - 36-
of the presgnt vention, be in the form _\Lkge conpounds=Qr salts.
Exanpl es of suth &#bxis-0 —pRrar macotogical 1y~ actiptati -@ Reri ved
from i norgani c bases, orgaN</ basePepigtecgaen ¢ aci ds and Qrga&n acids. 5
The salts of inorgddPt bases include, for exanple, negéFugalts such as

al kali metal salts (e.g.. lithi sal.ts, sodigymsalts and_potassiumsalts)
and al kaline earth %%tgwés%ﬁ?%?t%§39918§IC§UHﬂg%I§§ an %a%ﬁ%s d%]%%T?S??
anmoni um sathes,akeddet; s R10i©f a al dwadi-atetyal geanponat £Spenyd. dgrictbi which may
carbonat e, potassi um carbonate, sodi um carbonate and cesi um carbonate),

Sal ts of Al AP ASAI by @hc APBORBY e e, §h0) Rt HEum RV S5EneXPBoRhi®,
sodi um Bydrogencankonageoand POt asgi Rinmydrieganeachened Byl antgsabystiwér

al kali metal hydroxides (e.qg. Iithiun1h%Qroxide, sodi um
with the carbon atom to which they are bonded.

In Reaction Scheme E, a compound répresented by Formula

(9) is reacted with a compound represented by Formula (9-i) to
10 obtain a compound represented by Formula (9-ii). Subsequently,

the compound represented by Formula (9-il) is reacted with a

compound represented by Formula (2) to obtain a compound

represented by Formula (9-iii). Thereafter, the compound

represented by Formula (9-iii) is subjected to deprotection to
15 obtain a compound represented by Formula (10).

Examples of lower-alkyl groups represented by R* and R®
include the aforementioned lower-alkyl groups. Examples of
substituents in the phenyl group which may have a substituent or
substituents represented by R® include the aforementioned lower-

20 alkoxy groups. Preferably, 1 to 3 such substituents are present
on the phenyl ring.

Examples of cycloalkyl rings that may be formed by R® and
R® together with the carbon atom to which they are bonded include

cyclopentane ring, cyclohexane ring, cycloheptane ring, and the



15 hydroxi de, potassi um hydroxi de and cesi um hydroxi de). The
salts of organic bases include, for exanple, salts of tri(lower)alkylam ne

(e.g. triwebhbvlmeiwe, triethylam ne and N-ethyl diisopropylapdiedszeyri di ne,
qgui nol i ne, piperidine, 20 im dazole, picoline, dinethylam nopyridine,

di met hyl ani I i ne, N(I| ower)al kyl nor phol i ne3@ge. g. N-nethyl norpholine), 1,5-

di azabi cycl o[ 4. 3. 0] nonene-5 (DBN), 1, 8- diazabicyclo[5.4.0]undecene-7
(DBU), and 1ike. di azabicycl o[ 2. 2. 2] oct ane (DABCO . 25 The salts

of inorganic acids pnclude, f exanpl e, hydrochl ori de hydr obr om des,

hydr oi odi des, sul fa%%%",‘p Fr a??f;s Cﬁﬁggﬁlﬁ%%phraet%??e%%@f‘ﬂe Ml tEd§3r8‘fﬁ8r ggﬁTJc)
acids incl utiés1dder exespdts, f obBREEBeAGRY at ep-mdtIeRiyBBAl £BdetBXR], at e3, 4-
mal onat es, succinates, fumarates, mal eates, |actates, nmlates, citrates,

tartrates, CHUORFYBENZHGNCEs, net haR¥SHIRDBIAREES! et hanestFioRgrasone,

pt ol uenesul feNARS+aRENLY] WrRIMRHLES] 1 kMO 2011/ 093529PCT/ JP2011/ 052307 - 37-
Further, the raw materi al conpounds and intended conpounds shown in each of

the above reaction ¥or Ff agcadhi®h ohchileComOEshpoRTesepred hey pFesenta
I nvention, & Q:hte_h%o};nBB%&’f SRS 4( 89 -Forllﬂbéﬁé ﬁﬁ@si)a}n(\ih‘ét %ﬂﬁ&gﬁ&s) -

Preferable 5 sol vates include hydrates. ach target conpoun
obt ai ned i nrerrsisepted hey aboweulst e i¢ansbgensvi blvedisgdd ipuehf pedufly opf al

reaction mxtusg, [far giﬁlégﬁkgfeP RER At ing ﬁoirg%? drﬂc?fec%tonch;%r %@Hﬁ&und

t hr ough i solatTon opér S suc tration, ndensation an
ext ractlilon ed¢pmaseh@ed bedsimmuianm(Qture i s cool ed, and subjecting the

separated reaction product t.0o _co n purification operations such as | um
ohr ommt ogr aphy and Teor YIRS 4 o GERVEREd) §ooTHe L sip bundSBBi%i F2d i
each step majytialte kempsaeddasep hesdanrwdmleFbahnsld n(2-he fisd lpewifogmsd efn i &
the formof the reactjon mxtures_as is, 15 wi fhout supjecting themto

ol ati on. THEAHS Rak BTl o Bobh e HSale e b LR Rt fetionttve and
the objective conpousidshgByodeehBELMC waleOPidrGatly cCtintiimni SRS Scarlb&ss
ot herwi se specified, However, in order to obtain 20 an optically active

i soner of tpEGoRBLAdISEprtésEnded oy FoPAbLE Eh§: reaction are preferably

used. Examples of solvents include aprotic polar solvents such as
dimethylformamide (DME) , dimethylsulfoxide (DMSO) , and
acetonitrile; hydrocarbon solvents such as benzene, toluene,
Xylene, tetralin, hexane, pentane, and 1liquid paraffin; ether
20 solvents such as tetrahydrofuran (THF), dioxane, diisopropyl
ether, diethyl ether, and diglyme; ester solvents such as methyl
acetate, ethyl acetate, isopropyl acetate, and t-butyl acefate;
halogenated " hydrocarbon solvents such as dichloromethane, and
1,2-dichloroethane; and mixtures thereof. Ketone solvents such as
25 acetone, methyl ethyl ketone, and cyclohexanone are also usable.
Examples of catalysts include inorganic acids such as
hydrochloric acid, hydrobromic acid, and sulfuric acid; organic
acids such as benzenesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic. acid, and acetic acid; ammonium salts such as
30 ammonium chloride, pyridinium hexafluoroantimonate; and Lewis
acids such as BFj3* (OC,Hs),, titanium tetrachloride, and scandium
triflate. These acid catalysts may be used in a common catalytic
amount. Specifically, the catalyst is generally used in an amount
of 0.01 to 1 mol, and preferably 0.01 to 2 mol per mole of the

35 compound represented by Formula (9).



02N wherein R1, R2 and n are the sane as the above, optically active

| soners of the conpounds shown bel ow are preferably used. A conpound
representwd v/ dogspul a (9): HOQRL HO /. (CH wherein R, p&T/Jaﬂﬂl/risz@diﬁ the
same as the above. WO 2011/093529PCT/JP2011/052307 - - wherein R,
R2 and n are the sanme as the above. 5 A_ggnpound represented by Formul a

(11):

HO X
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The reaction is generally performed at 0 to 200°C, and
preferably at room temperature to 150°C; and generally completes
in about 30 minutes to about 72 hours.

Two hydroxy groups of the compound represented by Formula

(9) are protected by the reaction described above.

The subsequent reaction of the compound represented by
Formula (9—ii).with the compound represented by Formula (2) is
performed under the same conditions as those for the reaction of
the compound represented by Formula (9) @ with the compound
represented by Formula (2) described above.

In the deprotection of the compound represented by
Formula (9-iii) thus obtained, various known reaction conditions
for removing a protection group from a protected hydroxy group may
be employed. For example, the deprotection of the compound
represented by Formula (9-iii) is preferably performed in a
suitable solvent and in the presence of an acid.

Examples of solvents used in this deprotection include
those used in the reaction of the compound represented by Formula
(9) with the compound represented by bFormula (9-1) described
above.

Examples of acids include inorganic acids such >as
hydrochloric acid, hydrobromic acid, and sulfuric acid; organic
acids such as benzenesulfonic acid, p-toluenesulfonic acid,
camphorsulfonic acid, and acetic acid; and ammonium salts such as
ammonium chloride, and pyridinium hexafluoroantimonate.

The acid is generally used in an amount of 0.01 to 1 mol,
and preferably 0.01 to 0.2 mol per mole  of the compound
represented by Formula (9-iii).

The reaction is generally performed at 0 to 200°C, and
preferably at room temperature to 150°C; and generally completes

in about 30 minutes to 24 hours.

The raw material compounds and intended compounds in

each of the above reaction formulae, which include the compounds



(CH2) n---0R(11) wherein Rl, R2, X3 and n are the sane as the above. 10 A
conpound represented by Fornmula (12): 0 (CH2)n--0(12) wherein R, R2 and n
are the sggBofsoshHe above. 1502N wherein R R2, X2 angchpiR1biygesane as
t he above. Use of the conpound represented by Forrmula (9) in Step
1 enables the optically active isonmers efsgthe conpounds 20 represented. by
Formulas (1), and (10)-(13) to maintain their configurations in each step,
obt ai ni ng tde why eetbeet compoitidnw hltly odiigh tapt feah qfurfirky. codfdunds or
2011/ 093529Pq1'1r/JP2 11/ 052307 -39- A vant,ag o(gs(ﬁlzzr{fects of . I nvention

DS

The presentS#Hvent PARI9SWE §Uch d P FHEH189E

a (1) to be

produced framaabte®IROYAT: § easeat edoyirfdigauia badedt crghheb yisdd].
According to the present invention, when an optically active isonmer is used
as the raw HRREFENAC BEHPOARE °FH2BpEI *&AIS, active isomer of the conpound

represenfed by Fornula (1) can be 10 produced with high optical purity.

According to the research conducted by the present_inventors,

this is

probabl y because of The $¥dsonidéBerIdsd bersw, imeldrer fornexamdse of the
present | ”Vrﬁé‘ﬁallo%_a'l%snlg&%ﬂ ;aan t8¢at hepelyr shaReeyboys! viikpown aBidods

include the step in whic

sodium salts and potassium salts) and alkaline earth metal salts

(e.g. calcium salts and magnesium salts), ammonium salts, salts

10 of alkali metal carbonates (e.g. lithium carbonate, potassium

carbonate, sodium carbonate and cesium carbonate), salts of

alkali metal hydrogencarbonates (e.g. lithium hydrogencarbonate,

sodium hydrogencarbonate and potassium hydrogencarbonate), and

salts of alkali metal hydroxides (e.g. lithium hydroxide, sodium

15 hydroxide, potassium hydroxide and cesium hydroxide).

The salts of organic bases include, for example, salts

of tri(lower)alkylamine (e.g. trimethylamine, triethylamine and

N-ethyldiisopropylamine), pyridine, quinoline, piperidine,

20 imidazole, picoline, dimethylaminopyridine, dimethylaniline, N-

(lower)alkylmorpholine (e.g. N-methylmorpholine), 1,5-

diazabicyclo{4.3.0]nonene-5 (DBN), 1,8-
diazabicyclo[5.4.0]undecene-7 (DBU), and 1,4-
diazabicyclo[2.2.2]octane (DABCO).

25
The salts of inorganic acids include, for example,
hydrochlorides, hydrobromides, hydroiodides, sulfates, nitrates
and phosphates.
30 The salts of organic acids include, for example,

formates, acetates, propionates, oxalates, malonates, succinates,

fumarates, maleates, lactates, malates, citrates, tartrates,

carbonates, picrates, methanesulfonates, ethanesulfonates, p-

toluenesulfonates and glutamates.

35



R-Ns phenoxi de compound starts a nucl eophilic attack, as shown in the
reaction fornmula below. In this step, phenoxide attacks the site shown by

t he arrowvpabti/dsszn the R-Ns conmpound to obtain the obj ectrijpe1Resent i oner.
However, phenoxide al so attacks the site 20 shown by the arrow path B,
causi ng the production of S-enantionmer a87a byproduct. This reduces the
optical purity of the resulting product. In contrast, the nethod of the
present invention doBsrtiwir,i nbeudew tiedestiep thapowwissendt heterabhdct i on of

t he optical eu&nomnheretgq Bhgﬁmﬁ&p%%ogf Ehgfbscs%% upagnggﬁbols 25

superi or to 't Hods o n i'S T eSpect ription of di nents
Her eunder, 1ﬂu1qmee53etcmmpanﬂdsonflBhenqﬁamenedlnvemkmdn Im5ymbéhufekerence to

Exanpl es. abbreV|at ons _.used und e e Jreani ngs
Gadal |y undiFTt G54SR THIR Ao nhY G S PSS REN TN TR Y  ar P e APRLE

ot herwi se &ﬁﬂ@h&eedlnébmdﬁxgﬂ@beesthe abbreV|at|ons shown 10 bel ow have the
foll ow ng neani ngs. s: S|n%]et . doupl t: trlp e Bg quartet, m

mul tiplet, dd: doub! b iteet B?mp?ﬂﬂﬂﬂo t?FP%?éP‘ o%EF(%HQ¥§) aq.

aqueous solditdyn cMRGhE féaﬂay@alaﬁé 5ﬁ¥f¥ﬂéﬂcQr5%6§¢¥ééc%18hoﬂyﬁﬁdﬁ81 or
2-[ (4- br onophenoxy) net hy1] - 2- met hyl oxi r ane 4- Br onophenol (80 g,

462 mmol ), XKyMPHLor BrettRAYAANInBt AN iGeasE PR 0B IFUCtafB T pega st 1on

carbonate (92.38:i8ns693:RA MR} A YEIS md&%@leﬁggtﬁgr{ wed ekerieatdn alrr1p000
for 4 hours. After the reacti on was conpl eted, the m xture was concentrat ed

under rAé@ducedaacédsnrelixfireyisaceobed (acz@bsnlb)lefawq/vé;tf@r SERBmEYEG were

added t her I y r

et hyl acetg%e (f%é ﬁf?gu#%éﬁﬁﬁggﬁéé fgggﬁgggg5 éé?%?%? ?ﬁé E%if%?

twi ce. The drgaritograyky avebs relkepstd) 21009383 29PETLEPR0 1t 5280Fundd -
obtalned in each step may also be used as the raw materials in
the following step in the form of the reaction mixtures as is,

15 without subjecting them to isolation.

The raw material compounds used in each step described above and
the objective compounds may be racemic or optically active
isomers, unless otherwise specified. However, in order to obtain

20 an optically active isomer of the compound represented by Formula

(1):
R1
CH
\\\\"'( \zc))n R2
N
(0]
| ) M)
N

OoN
wherein R', R® and n are the same as the above, optically active
isomers of the compounds shown below are preferably used.
25

A compound represented by Formula (9):
HO 1

-~ R
N\
HO ((;Hz)n—-o——<j>—x1 9)

wherein Rl, X! and n are the same as the above.



concentrated under reduced pressure to renove the ethyl acetate.
Thereafter, toluene was added and the resulting m xture was concentrated
under redyeodiioessure, obtaining 120 g of crude productpcripridih/bhse
(300MHz, CDC13) oppm 1.47 (3H, s), 2.73 (1H, d, J = 4.8 Hz), 2.86 (1H, d,
J =4.8 Hz), 3.90 (1H, d, J = 10.7 Hz), -4g02 (1H, d, J = 10.7 Hz), 6.80
(2H, dd, J =6.9, 2.3 Hz), 7.37 (2H, dd, J=6.9, 2.3 Hz). 10 Exanple 1

Production of (R)-3-(4- brom)phenoxy) 2- met hyl pr opane- 1, 2- di ol A
m xture of 13-net haIIyl al co 90 0 25 nol ) di i sopropyl
tartrate (17.53 g, ;} r&%ﬁ‘l&?’ g?’@(?‘é%a 5@4A 45.0 g), and
dehydr at ed tol uene ( mp)1 was stirred at -18C Ti tanl um t etrai sopropoxi de
(17.7 g, 62.4 mmol) wa addedtotherﬁ—'ure foll owed by stirring at -16
to -18C for 0.5 H& her gnf /ocu phe-fydipper oxi de (404 g (total
anount), 2.12 nol) was 20 adéed therto opW| se at -16 to -18C over a

period of 2 hours, g |owed by stirring at -10C for 5 hours. D nethyl

sul foxi de (WBIRig, R1, Rsandol jangashadaeee tafertdeoahPval to 13C over a period
of 0.7 Rour. The resulting mxture was stirred at roomtenperature for 6
hours, and allowed to 25 stand overnight. After adding Celite (18.0 g) and
conduction of stirrihgdpouddsrapueserttssl byaboimnlan ilure was subjected to
filtration, obtainigg a tlg j uene sol ution of (S)-2-nethylglycidyl alcohol.

4- Br onophenol (108 g, ¥ mmol ) and a/=28% sodi um 30 hydr oxi de aqueous
solution (110 Q) re a 0 the e t hus obtai ned, foll owed
by stirring at 40C ﬁ’(h&ﬁ 6Aft||rs1%dt eP)peactlon m xture to room
tenperature, activated carbon (9.0 N—afld Celite (45.0 g) were added

t heret 0. Thghdgwdet RON AA, xkU@dWaSatdetha3Sasiki & ethd eibo®e> hour and
subjected to filtration. The WD 2011/093529PCT/JP2011/052307 -42- tol uene
| ayer was washed with water, and then the toluene and cunyl al cohol were

distil hed o;ifcd,ur[yag@ drggpuf@ﬁerﬂré@sgyrpona{gauqng €162 nmM) was added to the
concentrat ed reS| due, followed by heating to 7OC to dissolve the

\(CHz)n o~©—— (12)

wherein Rl, R? and n are the same as the above.

A compound represented by Formula (13):

1

)

HO o 2
(CHon—"

”: (13)
2

/ X

N

wherein R?, Rz, X% and n are the same as the above.

y

15

Use of the compound represented by Formula (9) in Step
1 enables the optically active isomers of the compounds
20 represented by Formulas (1), and (10)-(13) to maintain their
configurations in each step, obtaining the objective compound

with a high optical purity.



5 concentrated residue. The resulting solution was cooled to room
tenperature over a period of 5 hours. Hexane (162 nl) was added to the

sol uti on,wbabiawegdeoby stirring for 5 hours. The precipi pairgf0Mpigocr ystal s
were collected by filtration, and then washed with a m xed solvent (90 m)
of 10 hexane and tol uene (hexane/tol uenesgi-xed ratio of 3/1). The crystals
were dried by a blower at 50C, obtaining 123.8 g of the objective product
(yield: 76.1% based on 4- bronophenol). 15 Melting point: 90C Optical

purity: 92.2%e  1H NVR( 1 p (s, 3H), 2.08 (t, J =5.5 Hz, 1H),
2.62 (s, M%a?t%‘@e?aﬁ %Ceﬁ 15 Eé"e%lo 1 He, lH), 3.72 (dd, J = 8.5
Hz, 2H), 390(qJ 8.5 Hz, 2H), 681(dtJ:9. Hz, JJ = 202.3 Hz,
2H), 7.39 (dt, Jr 91Hz JJ = 2.2 Hz, 2H). Exanple 2 Production of
3- ( 4- br onophenoxy) - 21 %tﬁﬁﬂsﬁ%péﬂ‘éeritl?“dnaéllow% ‘i"*n‘%&“iﬂoémgf reRTRSRAe Y BY
al cohol 5( 10r&kmul39 (Mt 5 HRBEusedi EFont Ungs gé@m@'ﬁb&re%%ﬁtégaoﬁ@oﬂuzg
nmol ) was stirred at roomtenperature, and a 35% hydrogen peroxi de sol ution
(17.3 g, 15&8)mad p Wash adeRdd-t her et o dr opwi se over a peri od of 5 mnutes.
The mxture vas heatgged,0i40Ce8nthStdrdsedf %vgnthﬂﬂ{swhgﬁt%? meanponal e
(9.6 g, 69 mmol) 30 and 4-bronophenol (7 46 mmol ) were a to"a half
anount of tdrtivesabrnay ¥easedoasntike uray m@eml C@mdonae oretivallily1
al cohol), f tigr f r f t ol uene
(30 m), " ¢ drgiel St gBhp e lnrRaRalRr sy, FhBLatEEY Ml Bt Ot
60C, and 35ptdwrecowlield Midh optecaThpupirtaci p| tated cr ystal s were WO
2011/ 093529PCT/JP201]}/ 005r2§07 43:. col |l ecte filt l'bl OE washed with

en di eaoutﬁla%rrerse&ﬁg d %IP P%l%rl%s g g g of

toluene (5 m), and then
3- (4- br onophenaxyk; 2ehed hyd prropabey lhéalisel o(Eytleé dﬁea&b% ﬁbaseﬁoem

g:?g?g?ggggﬁé%éky%ogeﬁ% hyﬁﬁ?ggggécékiﬁﬁf%pesent invention is not limited
2- [ (4- Br onogphenpy) met hy1] - 2- net hyl oxi rane (72.9 g, 300 mol ), acetone (360
m), water (180 m ), and sulfurlc acid (7.3.10.mM) were mxed and stirred

at’ 60C¥or 1 hour. APTRFLQUSIY K@OW‘EH%EW‘%@FU%C%\%%@ dd¥fc EREPatedtirrdePn

reduced pregswy @hebbRybe acsigthRa( 369rtd )a aNd180pR1 HAtLd a8Rdl 4N dHLar hanat e
solution were added to the concentrated residue, followed by extraction.

Ther eaf t er , tR&eachyPn aberatlea Pajer- wds @hisdstRior PReRgEESRIS SeEkanthe

sul fate. site shown by the arrow path A in the R-Ns compound to obtain the

objective R-enantiomer. However, phenoxide also attacks the site

20 shown by the arrow path B, causing the production of S-enanticmer
as a byproduct. This reduces the optical purity of the resulting
product. In contrast, the method of the present invention does
not include the step that causes the reduction of the optical
purity; therefore, the method of the present invention is

25 superior to the known methods in this respect.



15 Ethyl acetate (102 ml) was added to the resulting crude product and
heated to di ssolve the crude product. The resulting solution was cooled to
room t enpgobabUIP@ss2and then hexane (204 m) was added theggip1i/dsened by
stirring at a tenperature 10C or less for 1 hour. The precipitated crystals
were collected by 20 filtration and thenggashed with a m xture of ethyl
acetate (24 m) and hexane (48 m ). The resulting crystals were dried under
reduced pressure, obtaining

iy . | L
4%0(23 g of the.OF? pr oduct (ybe[\\\(j. 569%) .
ﬁEpr opoxy) pheny1} - 4-T4- - B0

25 Exanple 4 Prqglugtion
pi peri di ne p

(R -1-[4-(2, 3- epdg)- &
(trifluoroneqﬁoxy) enfxy ath A
(R)-3-(4-qumnphenqky)eZ-neﬁhylpropane-1,2-d|oY (87.96 g, 336.9 nmol, R
optical purity of 92.2%e), 4-[4- 30(trifluoromethoxy)phenoxy] pi pefidome
(80 g, 306.2 nnDIf, tris(di benzylideneacetone)di pall adium (0) (P®2itoe3s pradit
mg, O0.77 mmol ), 2-di-tert-butyl phosphino-2',4",6"-triisopropyl-1,1'-
bi phenyl (780 ng,, 1.84 mmol )y sodiumtert-butoxide (33.86 g, 352.2 mmol),
and toluene (240 y) were mied, follo dfgi}ﬁg i W%@ under Oan, ar gon

|

at nosphere at 70C*for 6 hourk. After q R4 PCT/ DP20114-805,230_~44-
cool ing, an ammni um-<chloki de a S | M grs"way” added fo™he react @
o k

m xture, followed by~Xtractjon h toluene.éﬁhereafter t he organic
was distilled of fOBdu Bd pressure, obtaining a crlde product of
(R -2-nethyl- 3-(4-14F4- : : S—enanti'omeI."
5(trifluoronet hoxyPph&noxy] pi peridin-1-yl | phenoxy) propane-1, 2- (pngbJective
1H NVR( 300MHz, CDC13) oppm 1. 28(3H,s), 1.88-2.03(2H, m, product)
2.03-2.19(2H, m, 2. 22

Description of Embodiments

Hereunder, the present invention is explained in detail

5 with reference to Examples.

The abbreviations used hereunder have the meanings
usually understood by those having ordinary skill in the art,
unless otherwise specified. For example, the abbreviations shown

10 below have the following meanings.
s: singlet, d: doublet, t: triplet, g: quartet, m: multiplet, dd:
double doublet, dt: double triplet, br: broad (wide)
ag.: aqueous solution
MeOH: Methanol
15
Reference Example 1

Production of 2-[ (4-bromophenoxy)methyl]-2-methyloxirane

4-Bromophenol (80 g, 462 mmol), 2-(chloromethyl)-2-
methyloxirane (400 ml) and potassium carbonate (95.86 g, 693
20 mmol) were mixed and allowed to react at 100°C for 4 hours. After
the reaction was completed, the mixture was concentrated under
reduced pressure. Ethyl acetate (200 ml) and water (400 ml) were
added thereto, followed by extraction. The water layer was
extracted with ethyl acetate (200 ml). The organic layer was

25 washed with water (200 ml) twice. The organic layer was then



(1H br.s),2.75(1H,br.s),2.92-3.05 10 (2H,m, 3.30-3.45(2H, m, 3.57(1H, d,
=11.2Hz),3.73 (1H, d,J =11.2Hz),3.86 (1H,d,J =9.0 Hz),3.93(1Hd,J = 9.
Hz) , 4. 36-w048(1ldd331p, Hz). 6.78-6.98(6H m,7.13(2H, d, J =preTArih1/Bibyi
acetate (810 m) and triethylamne (62 g, 612 mmol ) were added to the
resul ting crude product. Methanesul fonyl-4ahl oride (40.3 g, 351.8 mol) was
added thereto while cooling with ice .until the starting materials becane
undet ect abl eondagitirevved bydet iredungdf pre2ina ot esmovd ttdre ehbyt eacttiade .was
20 conpl et ter was_added taq t m xe ol ution,. fol l.owed by extraction
wth etny e SEermEo ARG aeriie 5L L8l W AR R T ana  hen
distilled ofdnasrdentedducdsr preelnsudepraddiaiani phtaicinugdd 20r gduttcmaide
(S)-2-hydr og}/&gu-cr{et hyl-3-(4-14-[4- (trifluoronethoxy)phenoxy]pi peridin-1-

J
0

5
'H-NMR (300MHz, CDCl;) &ppm: 1.47 (3H, s), 2.73 (1H, d, J = 4.8
Hz), 2.86 (1H, d, J = 4.8 Hz), 3.90 (1H, d, J = 10.7 Hz), 4.02
(14, d, J = 10.7 Hz), 6.80 (2H, dd, J = 6.9, 2.3 Hz), 7.37 (2H,
dd, J = 6.9, 2.3 Hz).

10

Example 1
Production of (R)—34(4—bromophenoxy)—2—methylpropane—1,2—diol
A mixture of P-methallyl alcohol (90.0 g, 1.25

mol), D-(-)-diisopropyl tartrate (17.53 g, 75.0 mmol),

15 molecular sieves (MS-4A, 45.0 g), and dehydrated toluene
(900 ml) was stirred at -18°C. Titanium tetraisopropoxide
(17.7 g, 62.4 mmol) was added to the mixture, followed by
stirring at -16 to -18°C for 0.5 hour. Thereafter, 80%
cumene hydroperoxide (404 g (total amount), 2.12 mol) was

20 added thereto dropwise at -16 to -18°C over a period of 2
hours, followed by stirring at -10°C for 5 hours. Dimethyl
sulfoxide'(95.7 g, 1,225 mmol) was added thereto at 11 to
13°C over a period of 0.7 hour. The resulting mixture was
stirred at room temperature for 6 hours, and allowed to

25 stand overnight. After adding Celite (18.0 g) and
conduction of stirring for 0.5 hour, the reaction mixture
was subjected to filtration, obtaining a toluene solution
of (S)-2-methylglycidyl alcohol.

4-Bromophenol (108 g, 624 mmol) and-a 25% sodium

30 hydroxide aqueous solution (110 q) were added to the
toluene solution thus obtained, followed by stirring at
40°C for 9 hours. After cooling the reaction mixture to
room temperature, activated carbon (9.0 g) and Celite (45.0
g) were added thereto. The_reaction mixture was then

35 stirred for 0.5 hour and subjected to filtration. The



25 yl | phenoxy) pr opyl net hanesul f onat e. 1H NVR(300MHz, CDC13) 5ppm
1.37(3H,s),1.98-2.05 (2H, n), 2.05-2.19 (2H, m, 2.63 (1H,

s), 2. 93- 3wB A0 AM9sde 3. 03 (3H, s), PCT/JP2011/052307

10

15

20

25

30

35

—40-

toluene layer was washed with water, and then the toluene
and cumyl alcohol were distilled off under reduced
pressure. Toluene (162 ml) was added to the concentrated
residue, followed by heating to 70°C to dissolve the
concentrated residue. The resulting solution was cooled to
room temperature over a period of 5 hours. Hexane (162 ml)
was added to the solution, followed by stirring for 5
hours. The precipitated white crystals were collected by
filtration, and then washed with a mixed solvent (90 ml) of
hexane and toluene (ﬁexane/toluene mixed ratio of 3/1).

The crystals were dried by a blower at 50°C, obtaining
123.8 g of the objective product (yield: 76.1% based on 4-

bromophenol) .

Melting point: 90°C

Optical purity: 92.2%ee

'H-NMR (CDC1;) Sppm: 1.30 (s, 3H), 2.08 (t, J = 5.5 Hz, 1H), 2.6
(s, 1H), 3.58 (dd, J = 11.2 Hz, JJ = 6.1 Hz, 1H), 3.72 (dd, J
8.5 Hz, 2H), 3.90 (q, J = 8.5 Hz, 2H), 6.81 (dt, J = 9.1 Hz, JJ
2.3 Hz, 2H), 7.39 (dt, J = 9.1 Hz, JJ = 2.2 Hz, 2H).

Example 2
Production of 3-(4-bromophenoxy)-2-methylpropane-1,2-diol
A mixture of PB-methallyl alcohol (10 g, 139 mmol)

and sodium tungstate dihydrate (92 mg, 0.28 mmol) was

stirred at room temperature, and a 35% hydrogen peroxide

2

solution (17.3 g, 153 mmol) was added thereto dropwise over

a period of 5 minutes. The mixture was heated to 40°C and
stirred for 7 hours. Potassium carbonate (9.6 g, 69 mmol)

and 4-bromophenol (7.9 g, 46 mmol) were added to a half

amount of the resulting reaction mixture (70 mmol, based on

B-methallyl alcohol), followed by stirring at 60°C for 2.5
hours. After adding toluene (30 ml), the mixture was
heated, washed with water at a temperature about 60°C, and

then cooled with ice. The precipitated crystals were



3.32-3.43 (2H, n), 3.85 (1H, d,J= 9.2 Hz),3.90(1H d,J = 9.2 30 Hz), 4. 27
(2H, s), 4.38-4.47 (1H n),6.81-6.97(6H n), 7.14 (2H d, J= 10.0 Hz).

Met hanol w8%411lo3s2and pot assi um carbonate (84.7 g, 612 paplibenes3gdded to
the crude product. The resulting m xture was 35 stirred for 30 mnutes at a

tenperature fromOC to room WO 2011/ 093%322PCT/ JP2011/ 052307 - 45-

collected by filtration, washed with toluene (5 ml), and
then dried under reduced pressure, obtaining 9.8 g of 3-(4-
bromophenoxy)-2-methylpropane-1,2-diol (yield: 82% (based

on 4-bromophenol)).

Example 3
Production of 3-(4-bromophenoxy)-2-methylpropane-1,2-diol

2-[ (4-Bromophenoxy)methyl]-2-methyloxirane (72.9 g, 300
mmol), acetone (360 ml), water (180 ml), and sulfuric acid (7.3
10 ml) were mixed and stirred at 60°C for 1 hour. After cooling, the
mixture was concentrated under reduced pressure. Ethyl acetate
(360 ml) and a saturated sodium bicarbonate solution were added
to the concentrated residue, followed by extraction. Thereafter,
the ethyl acetate layer was dried over anhydrous sodium sulfate.
15 Ethyl acetate (102 ml) was added to the resulting crude product
and heated to dissolve the crude product. The resulting
solution was cooled to room temperature, and then hexane (204
ml) was added thereto, followed by stirring at a temperature410°c
or less for 1 hour. The precipitated crystals were collected by
20 filtration and then washed with a mixture of ethyl acetate (24
ml) and hexane (48 ml). The resultiﬁg crystals were dried under
reduced pressure, obtaining 44.0 g of the objective product

(yield: 56%).

25 Example 4
Production of (R)-1-[4-(2,3-epoxy-2-methylpropoxy)phenyl]-4-[4-

(trifluoromethoxy)phenoxylpiperidine

(R) =3- (4-Bromophenoxy) -2-methylpropane-1, 2-diol (87.96
g, 336.9 mmol, optical purity of 92.2%ee), 4-[4-

30 (trifluoromethoxy)phenoxy]piperidine (80 g, 306.2 mmol),
tris(dibenzylideneacetone)dipalladium (0) (Pd,dbasz, 701 mg, 0.77
mmol), 2-di-tert-butylphosphino-2',4',6'-triisopropyl-1,1'-
biphenyl (780 mg, 1.84 mmol), sodium tert-butoxide (33.85 g,
352.2 mmol), and toluene (240 ml) were mixed, followed by

35 stirring under an argon atmosphere at 70°C for 6 hours. After



tenperature. The reaction mxture was distilled off under reduced pressure,
and then toluene and water were added thereto. The tol uene | ayer was washed

wi t h wat ayoaof,@ssbi | | ed of f under reduced pressure. |seprgPaRPbs6HR20 M)
and water (130 m) were 5 added to the resulting residue and heated to

di ssolve the residue. The resulting sol usisen was cool ed to obtain
precipitated crystals. The precipitated crystals thus obtained were

col | ect ed byodliilnigr, atih oamresrd uthr ichdor ddd aquicegs98obutgi f waR) addd¢d-{q 2hs-
epoxy- 2- net hyl pr.opox heny1]-4-[4- 10(trifl uorometho henoxy] pi peri di ne
(el 76 DA KB Beidohed Bt e iR TGO eSebcrs)  Gppm 1.4
(3H, s), (1.@1@2rebf(ték1, e c&g(%l&iélﬁ)hyélr whs=distz) le?@.dXF @ihlilerdredhc‘eo? |—|z)Ej
2.9-3.1 (2H, , 3.3-.153.5 (2H, , 3.9 1H, J =1 ,  3.98 (1H, d,
J = 10 Hz) ,Pr@%-%e&s PREALIHNT 6. §rdy F(I(ﬂqﬁmi‘a 9f7?5)4‘?(“2‘l—@r,t?‘éf?%‘ ol 4yt~
Exanpl es5  (trifRlegdmbt Bk Piohenoxy]piperidin-1-yl}phenoxy)propane-1, 2-

4-[ (4- bronmophenoxy) nmet hyl] -2, 2, 4-trinmethyl-1, 3- 20 di oxol ane

3-(4-Brono Xy) - 2- net hyl propane-1, 2-diol (261 ng, 1.00 nmol), acetone
(77 nmg, 1.3 mmol ), tetrahydrofuran (5 nL), and a boron trifluoride diethyl

ether conplex (3 drops) were mxed. The m Xxture was stirred at room
t enper at ur e BFOMRG A 39OHE, 25Camd &pemoné-2802A3Hy, s).,761 dfid- Okas(Zibded) ,

thereto, fojlgned By SLirnng 1oy 2iflogs. spodbum canponale.s et hybyageate,
and water were ad&ed to'the’ reaction 'm xture’to conduct extradtion. The
or gani a0 ay6&tH ,wae ;wsBed3wl3 h(2t,sal)i,n8.56] uiHpondt wce.11A 2 éki)dud.has (1H,

obt ai ned by, conce i t he,or ic,layer r educed pr,essure nd
t he resi dued’vva‘z _Slr}%‘gzz:tkgzg ‘t E"gﬁr ?rlgt o%’r a%h_y érj‘re\tg;:ﬁnzl)r‘ig%('(rgral“‘%a’t I@Héng’ c I6rigd€)
usi ng silicéz)gel4.38Hanbi nyHl2d) nge ofs-tche@sohjedct mye cobpoynid, (§) elds 2099 .
WO 2011/ 0935)22)9PCT/ JP2011/ 052307 -46-

15 Ethyl acetate (810 ml) and triethylamine (62 g, 612
mmol) were added to the resulting crude product. Methanesulfonyl
chloride (40.3 g, 351.8 mmol) was added thereto while cooling
with ice until the starting materials became undetectable,
followed by stirring for 20 minutes. After the reaction was

20 completed, water was added to the mixed solution, followed by
extraction with ethyl acetate. The ethyl acetate layer was washed
with water and then distilled off under reduced pressure,
obtaining a crude product of (S)-2-hydroxy-2-methyl-3-(4-{4-[4-
(trifluoromethoxy)phenoxy]piperidin—l—

25 yl}phenoxy)propylmethanesulfonate.

'H-NMR (300MHz, CDCl;) &ppm: 1.37 (3H, s), 1.98-2.05 (2H, m),
2.05-2.19 (2H, m), 2.63 (1H, s), 2.93-3.07 (2H, m), 3.03 (3H, s),
3.32-3.43 (2H, m), 3.85 (1H, d, J = 9.2 Hz), 3.90 (1H, d, J= 9.2

30 Hz), 4.27 (2H, s), 4.38-4.47 (lH,.m), 6.81-6.97 (6H, m), 7.14 (2H,
d, J= 10.0 Hz).

Methanol (954 ml) and potassium carbonate (84.7 g, 612
mmol) were added to the crude product. The resulting mixture was

35 stirred for 30 minutes at a temperature from 0°C to room



(1H, d, J =8.6 Hz), 3.84 (1H, d, J = 8.8 Hz), 4.11 (1H, d, J = 8.8 Hz),
6.78 (2H, d, J =9.0 Hz), 7.36 (2H, d, J = 9.0 Hz). Exanple 6 5 Production

of 4-[(4-WooiPRPeN9XY) met hyl] -2, 2, 4-trinmethyl-1, 3- di oxeka)P2011/052307

3- (4- Bronophenoxy) - 2- et hyl pr opane-1, 2-di ol (261 ng, 1.00 mmol), acetone
(10 mL), and a boron trifluoride diethylLsgther conplex (3 drops) were

m xed. The m xture was then stirred 10 at roomtenperature for 14 hours. A
resi due wastaiezianadeby Thenceatt ar ngdtheemvxd Wisstunded oeflugeikrpredsseed,

and et hyl acetate and ter were added thereto, foll owed by extraction. The
organi c | ay®t %emgﬂﬁﬁt%q [FOFUERF| M SRTEE ﬁr?vﬁ‘%ged ,&hreégF‘due g%ﬁ

obt ai ned bytgargent agét ngad Respedani €n e dHAdesiseducedots pr@ssure, and
the resulting residue was then subjected to chronat ographi/lrefl ni ng

(met hyl ene ¥FUEAdRY S BST sFF?E’éOEb?é}Ol dBEai A h@rB¥ ek o %%éﬂldbjﬂéé?l ve

conpound (yigled t61%he ré:’é’@%rnb)’re§9&% |26 heht¥aPEO WG so1ve €k
1H NVR( CDC13) op nl 1.43 (9H, s)
resi The resultlng solutlon was cooled to obtain precipitated

crystals. The precipitated crystals thus obtained were collected
by filtration and dried, obtaining 98.5 g of (R)-1-{4-[(2,3-
epoxy-2-methylpropoxy)phenyl]—-4-[4-

10 (trifluoromethoxy)phenoxy]piperidine (yield: 76.2 %).

Optical purity: 94.32%ee

'H-NMR (300MHz, CDC1j3) Sppm: 1.48 (3H, s), 1.9-2.1 (4H, m), 2.72

(14, d, J =5 Hz), 2.86 (l1H, d, J =5 Hz), 2.9-3.1 (2H, m), 3.3-
15 3.5 (2H, m), 3.91 (1H, d4, J = 10 Hz), 3.98 (1H, d, J = 10 Hz),

4.3-4.5 (1H, m), 6.8-7.0 (6H, m); 7.14 (2H, d, J = 9 Hz).

Example 5
Production of 4-[ (4-bromophenoxy)methyl]-2,2,4-trimethyl-1,3-

20 dioxolane
3- (4-Bromophenoxy) ~2-methylpropane-1,2-diol (261 mg,

1.00 mmol), acetone (77 mg, 1.3 mmol), tetrahydrofuran (5 mL),
and a boron trifluoride diethyl ether complex (3 drops) were
mixed. The mixture was stirred.at room temperature for 67 hours,

25 and acetone (102 mg, 1.76 mmol) was added thereto, followed by
stirring for 2 hours. Sodium carbonate, ethyl acetate, and water
were added to the reaction mixture to conduct extraction. The -
organic layer was washed with a saline solution twice. A residue
was obtained by concentrating the organic layer under reduced

30 pressure, and the residue was subjected to chromatography
refining (methylene chloride) using silica gel, obtaining 121 mg

of the objective compound (yield: 40%).

Property: colorless oily product

35 !H-NMR (CDCls) Sppm: 1.43 (9H, s), 3.74 (1H, d, J = 8.6 Hz), 3.78



(1H d,J = 8.6 Hz), 3.78 (1H d,J = 8.6 Hz), 3.85 (1H d, J = 8.8
Hz), 4. 11(1H d,J = 8.8 Hz),6.79(2H,d, Lir= 9.1Hz), 7.37 (2H, d,J = 9.1 Hz).
WO 2011/093529 PCT/JP2011/052307

-46-

(1H, d, J = 8.6 Hz), 3.84 (1H, d, J = 8.8 Hz), 4.11 (1H, d, J =
8.8 Hz), 6.78 (24, d, J= 9.0 Hz), 7.36 (2H, d, J = 9.0 Hz).

Example 6
5 Production of 4-[ (4-bromophenoxy)methyl]-2,2,4-trimethyl-1,3-

dioxolane
3- (4-Bromophenoxy) -2-methylpropane-1,2-diol (261 mg,
1.00 mmol), acetone (10 .mL), and a boron trifluoride diethyl
ether complex (3 drops) were mixed. The mixture was then stirred
10 at room temperature for 14 hours. A residue was obtained by
concentrating the mixture under reduced pressure, and ethyl
acetate and water were added thereto, followed by extraction. The
organic layer was washed with a saline solution twice. A residue
was obtained by concentrating the organic layer under reduced
15 pressure, and the resulting residue was then subjected to
chromatography refining (methylene chloride) using silica gel,

obtaining 183 mg of the objective compound (yield: 61%).

Property: colorless oily product
20 'H-NMR (CDCl;) Sppm: 1.43 (9H, s), 3.75 (1H, d, J = 8.6 Hz), 3.78
(1H, 4, J = 8.6 Hz), 3.85 (1H, d, J = 8.8 Hz), 4.11 (1H, d, J =
.8.8 Hz), 6.79 (24, 4, J= 9.1 Hz), 7.37 (24, d, J = 9.1 Hz).

Example 7
25 Production of 4-[4-(trifluoromethoxy)phenoxy]-1-{4-[(2,2,4~-

trimethyl-1, 3-dioxolan-4-yl)methoxylphenyl}piperidine

4-{[ (4-Bromophenoxy)methyl]-2,2,4-trimethyl-1, 3-dioxolane
(156 mg, 0.518 mmol), 4-[4-(trifluoromethoxy)phenoxy]piperidine
(135 mg, 0.517 mmol), palladium acetate (1.2 mg, 0.0053 mmol),

30 tri-tert-butylphosphine tetraphenylborate (2.7 mg, 0.0052 mmol),
sodium tert-butoxide (55 mg, 0.57 mmol), and toluene (2 mL) were
mixed and stirred under reflux for 2 hours. Ethyl acetate and
water were added to the reaction mixture, followed by extraction.
The organic layer was washed with water twice. A residue was

35 obtained by concentrating the organic layer under reduced



Exanple 7 25 Production of 4-[4-(trifluoronethoxy)phenoxy]-1-(4-[(2,2, 4-
trimethyl-1, 3-di oxol an-4-yl ) nmet hoxy] phenyl | pi peri di ne

4- [ (4- Br owopbemosgpp et hyl] -2, 2, 4-trinethyl- 1, 3- di oxol anectbfHimgs236. 518

mrol ), 4-[4-(trifluoromethoxy)phenoxy] pi peridine (135 ng, 0.517 mmol),

pal | adi um acetate (1.2 ng, 0.0053 mmol) ~430 tri-tert-butyl phosphine
tetraphenyl borate (2.7 ng, 0.0052 mmol), sodiumtert-butoxide (55 ng, 0.57
mol ), and }Dmslme,(anmf)h@\me@umtied eerl e waedtlumderubj@bltad tor 2 hours.
Et hyl aceta e r t.ure, .toll owed by
extracti on. ébﬁ%%{égro \élg “3 \led':téérIﬁ qméghh%%ehe %ﬁi er tl%/xxsillcl:rll Siﬁ%%‘%l \Aﬁlé was 35
obt ai ned byolsticantyr aBBng_:;tdfe thegahi ect iayercompdend r edicded 9% .

2011/ 093529PCT/ JP2011/ 052307 -47- pressure, and the resulting residue was

t hen subjected to chromatography refining (nethylene chloride) using silica
gel , obtai NPigpedds : NPadE yeklao@szemylp@ocﬂmﬂ)ound (yield: 93%. 5 Property:

| ¥ | d t 1H NMVR 3) .43 (9H 9-2.0 (2H,
ﬁ)a, ezyi 20\311%5 pro g %PPT (QH%:DC%HB §P 24,0 EﬁZH's“sz Cri2d2 3 2, g 7
Hz), 3.78 (idH, 2?1 9—33 I 8(2ﬁ Hﬁ), 3 843 (41H(2H3| m} 3871% Fdl){, é 13 £1H, 7duzy, =

8.8 Hz) , 4.4-4 (2H, 7.0 10(4H,
7.14 (2H, &3-7B —<1@>1 2d|r|zr)? Eﬁ%a?mlﬁé 8 br%lddéﬁvoﬁ,off =2 ?re&H%-G%AB{ A1H4-d,

(trifluorongth nox i dign I nNeMXY) B opaneg 1 i ol
164 [ 4-(Tri 71 u%?@?ﬁoxy?lﬁtﬁgyﬁh& ?’Y[%p@% o ety 2 244 9l 6.9-7.0

1, 3- di d¥ol amit- yi)y mét héx{@tphehy pi Pe? ilthne (223 nmy, 0.463 mmol), ethanol
(10 m.), and concentrated hydrochloric acid (2 m) were
Example 8

Production of 2-methyl-3-(4-{4-[4-

(Erifluoromethoxy)phenoxylpiperidin-1-yl }phenoxy)propane-1,2-diol
15 4-[4-(Trifluoromethoxy)phenoxy]-1-{4-[(2,2,4-trimethyl-

1, 3-dioxolan-4-yl)methoxy]phenyl}piperidine (223 mg, 0.463 mmol),
ethanol (10 mL), and concentrated hydrochloric acid (2 mL) were
mixed and stirred at room temperature for 14 hours. Water was
added to the reaction mixture, followed by neutralizafion with

20 sodium carbonate. Ethyl acetate was added to the mixture to
conduct extraction. The organic layer was washed with water three
times. The organic layer was concentrated under reduced pressure,

obtaining 196 mg (yield: 96%) of the objective compound.

25 Property: White crystal
'"H-NMR (CDCl3) Sppm: 1.27 (3H, s), 1.9-2.0 (2H, m), 2.1-2.2 (2H,
m), 2.4 (1H, br. s), 2.8 (1H, br. s), 2.9-3.1 (2H, m), 3.3-3.4
(2, m), 3.56 (1H, d, J= 11.2 Hz), 3.71 (1H, d, J = 11.2 Hz),
3.85 (1H, 4, J= 9.1 Hz), 3.91 (1H, d, J= 9.1 Hz), 4.4-4.5 (1H,
30 m), 6.85 (2H, d, J= 9.2 Hz), 6.9-7.0 (4H, m), 7.13 (2H, d, J =
9.2 Hz).

Example 9
Production of (R)-2-methyl-6-nitro-2-{4-[4-(4-

35 trifluoromethoxyphenoxy)piperidin-1-yl]phenoxymethyl}-2,3-




m xed and stirred at roomtenperature for 14 hours. Water was added to the
reaction mxture, followed by neutralization with 20 sodi um car bonat e.

Et hyl aceyaig1wessadded to the m xture to conduct extragkirQp017/6€3@F gani c

| ayer was washed with water three tinmes. The organic | ayer was concentrated
under reduced pressure, obtaining 196 ng4@gyi el d: 96% of the objective
conpound. 25 Property: Wite crystal 1H NVR (CDC13) oppm 1.27 (3H, s),
1.9-2.0 (ZFdlh’eroZnﬁdﬁz@[Z,Zle kazdld (1H, br. s), 2.8 (1H, br s), 2.9-3.1

(2H, m, 3.4 (2 1H,_ d, 371 ( = 11.2

Hz)., 3. 85 (lH d, JHR 9t1l ?—ﬁg % ?O(Xi’HJZ &‘e]t}"ﬁ%’fgip‘?ﬁij )Pl Ryﬁ 4(iﬂ| 30m),

6 85 I(2H d(tf]jifleozohifékho&ygphe(hd@-]pmerfdiéﬁe(Zlﬁo .d, gJ 123962nh1|?o)l
Exanpl e 9 Productjon o R) - 2- tro

trifluor one?RokGpheRBXY i ﬁérl% r?"f‘%/l 1 %e%%?ﬁét’ﬁy?i ﬁoémld‘fﬁé"le (4.0

2011/ 093529pCT4 I P204h60523Q 6 ridlr LHdvysh oi n@dazg[ 2419bhe%a30l @nd t-

(R -1-[4-(2, 3-epoxy- 2-net hyI propoxy)phenyl] 4-[ 4-

(trifluor onedh® y§pREAGRY](Fi0p&rldivRr § ToLxRg, ang. Btarsrd 8t 1O8° Qfaky of

94. 3%e), 23chl QpEr4- ni hERHALEAZAlR) ()0 v;)aQ’a@(Zeg FEPbhe sedic¥mogcet ate

(0.4 g, 4.9 mol), and t-butyl acetate (1 m) were mxed and stirred at

100C for 3.®iwbure, RBdhihen (a70?5ns| )sqzvésuradl@lﬁ@r@aldheama@vﬁoﬁOrmzctm:rre and

thena25% di um hydr gxi q t 3 ) d

thereto dr Op€\/l %eg]whlg egcoo |12 %g éc?lctl'eﬁgﬁ'%gorgga %?ﬁ% mmg;(ltlﬁer\é\”ao\?\.ialaldrgge

stirredOat Wixthoicé.5 fiber sesaxrldtlfrlg tnherttsm rvesl atiappdoricmat’€l yforodm5

terrperaturehgl%s40am n ur%'her ter. r15d nge andretri1 !at getat% (5 mM) were

added thereto, ahd Pﬁe Mioxt e Was st rted Ry 45 16 55¢€ £6°™ hour. The

m xt ure vvast@opéedtm!ﬁet @orodm trrennﬁ:re&t ur ejateed (he piecapdt ateéglcrystal s

were collected b ion. The CI itat ed cr | s were subsequentl
washed with? (F‘r%?‘ﬁg‘ﬁol (§‘g mw)erfnchf&%cg }'E) t%gﬁof“lfif@éem"ﬁas\?vas adéed

to the resustingear ¥st abs o @3 @nvethbyl Sl'ﬁcbtﬁfl ngrlu@dmxtaicleumfsorco%qed
m nutes. 20 The m xture was cooled to roomtenperature. The crystals were

then cdid ect@d*BYNf FPEPEERGH t4nd A HEE WP ERC HBL hahBr C3USHRALS Teg e

resul ting Cé&Elébﬁeweb? griized-4ndef. rquftﬁré)éﬁézﬁtlé@edOEE?'s@'a'l% U3y Of
t he objective product (yield: 73%. 25 tlcal urit
subsequently washed w1th methanol 0 ml and water (40

ml). Methanol (100 ml) was added to the resulting
crystals, followed by stirring under reflux for 30 minutes.

20 The mixture was cooled to room temperature. The crystals
were then collected by filtration and washed with methanol
(30 ml). The resulting crystals were dried under reduced
pressure, obtaining 9.3 g of the objective product (yield:
73%) .

25 Optical purity: 99.4%ee.

Example 10
Production of 3-(4-chlorophenoxy)-2-methylpropane-1,2-diol
A mixture of Bf-methallyl alcohol (50 g, 693 mmol)

30 and sodium tungstate dihydrate (460 mg, 1.4 mmol) was
stirred at room temperature. A 30% hydrogen peroxide
solution (86.5 g, 763 mmol) was added thereto dropwise over

" a period of 5 minutes. The mixture was heated to 40°C and
stirred for 9 hours. Potassium carbonate (79.7 g, 576

35 mmol) and 4-chlorophenol (52.4 g, 407 mmol) were added to



Exanpl e 10 Production of 3-(4-chlorophenoxy)-2-nethyl propane-1,2-diol A

m xture of 3-nethallyl al cohol (50 g, 693 nmmol) 30 and sodi um tungstate

di hydr at ey040P/0385201. 4 nmol ) was stirred at room tenper ay39201£05280%

hydr ogen peroxi de solution (86.5 g, 763 mol) was added thereto dropw se
over a period of 5 mnutes. The m xture-wgs heated to 40C and stirred for 9
hours. Potassium carbonate (79.7 g, 576 35 mmol ) and 4-chl orophenol (52.4
g, 407 nnnrﬁhmeresaMdedgtmedﬁ@ﬂﬁﬂjﬁixﬁﬁﬁéuxﬂ%DE@@&&/B523®1rr4&g-bhe
resultingr n_n xture, Iovved tlrr our. After
addi ng tol ue(ﬁ (g‘@ﬁm gloufhe iXtdr & %etaﬂ ggg m%sh@E‘ewi th water
at a tenpermikiteraboeds ﬁ@@teﬁh%trch&,Qidrommbﬂédlrﬁlmswéeékedt5aWth ice, and
then the precipitated crystals were collected b flltratlon The resultlng
crystal's mei'r%rnrgﬂéauaﬁd@?éwédé@e& pré@geu e bt R Mgt 86S07gSofrooled

3- (4- chisor ophenoxye; ZnABERENPRERARS-CG ] ﬂw&e&yte gt a08%Ehased 19 A-ed
chl or ophenol )). 10 1H NMR (300iVHz, CDC1 9 (3H, s), 2.29 (1H,
br.t, J= 5.1 Hgjltpaviopiy TEp resedting Qm/siaal—s 1Meie groefy pndgr79- 6. 90
22:Ltﬂzl g %%b%iég b2Esstke, 13 fy 1do R5 ogugki o ( @tchlorophenoxy)
(trifluorometheXyypheaprpepilperiddial- | (¥4¢ bheno&y) ppapadeon, 2di ol

3-(4-Chlor &l;lﬁglpggg% A5 hyl propane-1, 2-diol (190.7 ng, 0.88 hutol),
4-[4-(trifluoronet hoxy)phénoxy] pi peridine (208.9 ng, 20 0.8 mmol ), Pd2dba3
(1.8 ng 0 0.002 mmol ),

ol ) Sodi AUy LB GECH6. S50, L0oB. bl £ aht”f of Bén e b 6ont ) ier ¢

m xed. The )Xt . G4vva$Hst$)r,r 1l aTndead, addarg&n 16111 myspherezpt 6.I@C6f. 00 B2H,

hours. met hyl - 3- (4-{4-[ 4-
25(trifl ro\@n'et g)?y) gﬁg {é@] G\%perl di n-1 -yl | phenoxy) propane- 1, 2-di ol was
produced with the inversion rate of 91% using UPLC. Anal ysis conditions

(UPLCD
Example 11

Production of 2-methyl-3-(4-{4-[4-

(trifluoromethoxy)phenoxylpiperidin-1-yl}phenoxy)propane-1,2-diol

3-(4-Chlorophenoxy)-2-methylpropane-1, 2-diol (190.7 mg,
0.88 mmol), 4-[4-(trifluoromethoxy)phenoxy]lpiperidine (208.9 mg,
20 0.8 mmol), Pdydbas (1.8 mg, 0.002 mmol), 2-di-tert-butylphosphino-
2',4',6'-triisopropyl-1,1'-biphenyl (3.4 mg, 0.008 mmol), sodium
tert-butoxide (76.9 mg, 0.8 mmol), and toluene (0.6 ml) were
mixed. The mixture was stirred under an argon étmosphere at 110°C
for 3 hours. It was confirmed that 2-methyl-3-(4-{4-[4-
25 (trifluoromethoxy)phenoxy]piperidin-1-yl}phenoxy)propane-1,2-diol

was produced with the inversion rate of 91% using UPLC.

Analysis conditions (UPLC):
Detector: Ultraviolet absorption detector (measurement
30 wavelength: 220 nm)
Column: ACQUITY UPLC BEH C18 (2.1 mm (inside diameter) x 50
mm, 1.7 pm), manufactured by WATERS
Column temperature: 50°C
Mobile phase: 0.1 M HCOONH, aq./MeOH
35 Gradient conditions: The ratio of 0.1 M HCOONH; ag./MeOH was



Detector: U traviol et absorption detector (nmeasurenment 30wavel ength: 220
nm  Columm: ACQUITY UPLC BEH C18 (2.1 nmm (inside dianmeter) x 50 mm 1.7
um, manwveeburess2by WATERS Col unm t enperature: 50C Mobipce/gphases23@. 1 M
HCOONH4 ag./ MeOH 35 Gradient conditions: The ratio of 0.1 M HCOONH4

ag./ MeOH was WO 2011/ 093529PCT/ JP2011/ 652307 -50- linearly changed from
70/30 to 20/80 in 3 mnutes. Exanple 12 Production of

(1) - 2- et hyllir@ardy{ g¢hfdg€d rfifomudpdiet tox3d0)/Blhenoxy|mirBites.

pi peridin-1-yl |l phenoxy)propane-1, 2-di ol p-toluenesulfonic acid salt

(R) - 3- (4- Bronophenoxy) - 2- net hyl propane-1, 2-di ol (20.0 kg, 76.6 nol),

4-1 4- (trlflmmmmtmﬁxy)phenoxy] pi peridine (22.0 kg, 84.3 nol),

tris(di benzyl ) ( [5 .

2-di-tert - B ; < i, Io%Y]0, 46
mol ), sadi Lgm;iearlmhuwyl ptme(z&x%pkgpaxwlq 2malhb,1 p%ﬁ@n@@ueféﬁf& ardl)d ver e
m xed, followed by stirring under an argon atnosphere at 70C for 3 hours.
After cool i%kt an amoni um chl ori de aqueous sol uti on was added to the

reaction 15 m xt ur e¢r)f-0J-l(@uBdohypreadd:39tboRe W b plHene, 2i<§lQﬂr qeanel kyas
fl owed therein, and p-tol uenesul%onl (;@gm d ?mn%hrbyﬂéljrg)ate (16 0 84.1 d\rrlgl)

was added tHerefiel)foft b‘%/veﬁirﬂ))flslpr@m?ﬁymww@eﬁ@éﬂRﬁﬁed%lé’dnér9% & & hus

?% ?IZE]rGrgt hy @3309!2'1?05[@%%% ielnzRa% 1ok S Fheh §pa PRI N9) 40:73 K9 8f19
20(tri ﬂ10uormﬂét,héxyl}ph@n@mtmlp@psuhmq =4/1,14p € hokyd) Iramrapyl 1] 21 di ol

-tol i el le 1. ' i
E’R)Olufze? ep 1 ‘E;%%fhyq (éiéoglo%l)p oo?l@ﬂ t%%ng%‘gogl?ﬁe (8. 45T pfuddg gn o
[4-(trifl uoncn)]rmt lamiyttphmrm(y(]ZmOpmM diveree mixed, folldwed Dynethydir®y (hded- [4-
trifl t hax | | di ol

bt ol uenes ] GrePhaar Bt Stgb *a gt EMPUEEy L AT BRT St iy P

ammonium chloride aqueous solution was added to the reaction

15 mixture; followed by extraction with toluene.‘ Isopropancl was
flowed therein, and p-toluenesulfonic acid monohydrate (16.0 kg,
84.1 mol) was added thereto, followed by stirring. The
precipitated crystals thus obtained were collected by filtration
and dried, obtaining 40.3 kg of (R)-2-methyl-3-(4-{4-{4-

20 (trifluoromethoxy)phenoxy]piperidin—-1~yl }phenoxy)propane-1, 2-diol
p-toluenesulfonic acid salt (yield: 85.7%).

Example 13
Production of (R)—l—[4—(2,3—epoxy—2—methylpfopoxy)phenyl]—4—

25 [4- (trifluoromethoxy)phenoxy]piperidine
(R) —2-methyl-3-(4-{4-[4-

(trifluoromethoxy)phenoxy]lpiperidin-1-yl}phenoxy)propane-1,2-diol
p-toluenesulfonic acid salt (9 kg, 14.7 mol), cyclopentyl methyl
ether (9 L), and triethylamine (4.2 kg, 41.1 mol) were mixed.

30 Théreafter, methanesulfonyl chloride (1.9 kg, 16.8 mol) was added
thereto dropwise at a temperature of 5°C or less. After the
reaction was completed, a 25% sodium hydroxide aqueous solution
(9 L) was added to the mixture, followed by stirring at a
temperature about 40°C for 90 minutes. Toluene and water were

35 added to the reaction mixture. The toluene layer was washed with



ether (9 L), and triethylamne (4.2 kg, 41.1 nol) were m xed. 30
Thereafter, nethanesul fonyl chloride (1.9 kg, 16.8 nol) was added thereto
dropw se wb 2ri@perature of 5C or | ess. After the reacheipyaso$aep! et ed,
a 25% sodi um hydr oxi de aqueous solution (9 L) was added to the m xture,
followed by stirring at a tenperature abgyt 40C for 90 m nutes. Tol uene and
water were 35 added to the reaction m xture. The toluene | ayer was washed
Wi Ei h VDdZOJaéﬂ&QaﬁaQPﬁHpﬂ JR231141062307 urkler watieéecar;ckdetslwd OImedi s%%l | ed Fff
under reduce essure. 70Q0% i soprqpano 3 added .to t resu t| ng
oS due. o IBHERABYL HEST iy “Ba TS| e Tie TPalT GUE AP Bhe copt! iryed

preci pi tatQ@L;Qfexéﬁhal;swved@smkrbeehgdr@yﬁuel t nhatepncadld ndf, i gdecObt@itRiang 5. 4
kg 5 of (R)-1-[4-(2, 3-epoxy-2-net hyl ropoxy)phengl% 4-14-
(trifluor or@&%ﬁh@%&mﬁlﬁéﬁﬁé. R Ewéqa&loeaav afpFeinderodusi on

of (R)-2- meshydr)31(4a 1 [ Fddoi tbulqéeq;ﬁtﬂ}%&phﬁﬂ&aw ~41Q4-

pi peridin-1-y (} henoxy) pr opane- 1

(R)-3-(4-Br btrm;flge\@éﬁwe;tfzomuwpgsybpwmlm| (ghetd: Bq,” 2)7 mol),
4-[4-(trifluoronethoxy)phenoxy] pi peridine (2.0 g, 7.7 mmol),
tris(dibenzylideneacetone)di palladium (0) (0.141 g, 0.15 nmol),

2-di -tert - bwtapipdkeodphi no-2' , 4' ,6' -triisopropyl-1,1' - 15 bi phenyl (0.157 g,
and xyl one TRGREICHD DY BE 8D, STl PR duorche MO, AR ™)
at nosphiér e @witpesBAGihel-¥l hsharexyPsrogatd1C2-dtiodas confirned t hat
(R)-2-rrethy1-3-(4-{4-l%4- 1 9ds 5
(trifluoronet hoxy) phéRoxd (§ BEPRERRETN I GRBRERY B deRAel 127210 b1{%8 das
produced vvi1h7 tniﬂ@li NVer {54cqtm&ueoea‘)m&@%xﬁmwbgy]l@iﬂ%rﬁ@uﬁéi op. ®fg, 7.7
(R -2-nmethyl-3 % }[(/ -(trifl uor onet hoxy ,hen?xgl

pi peri di n- 1m§ﬁll phé'f 8§ PrSaited fn?aﬂ“%‘?ne 1ladlum (0.141 g, 0.15
25(R) - 3- (4-OOphenoxys r2-HRENBhBEs gRARE-2, Zl*dEOLtﬁlzlsQ);ﬁ‘o 171l ),

4- [4(tr|fluororrethoxy henox ]3[%|per|d|ne 2.0 g, F

tri s(dilfenZ3ARNgENeadBt bne)H ;S%/u I alilen ( BetEeEsivn @YthPXﬂsiem‘rQ+§64 g, 15.4

2-di -tert -y phespBLPPrnirt (8 nﬁ.f"é&f’ﬁ&@%i‘iel(% mlt)' RReaYhi £y 157 g,
0.37 mmol ), pot assium p osphate g, 8.86 , and tol uene (46 )

wer e mi xed feldiavereBY byt B4 ING M@daﬁd@rnletrrﬂgleﬁogémowhﬁj@pﬁér 803 BOTH or 21

hours. Using, C onfi de t]ir{sﬁ) 44[ _
(trifluor orret %zy)US%éﬂoxw%l ger Fqggn%#% e%ﬁ?%%&%%ﬁlﬁtﬁyg-%i gb{ {vflfas[4
produced wi ttritfieorpmetisdxyn pd@tﬂ@xmpm%idlwalzgl]LPM&S@QP@MWLJZ—@E@QO?

20 was produced with the inversion rate of 96%.

—
’ﬁ

Example 15
Production of (R)-2-methyl-3-(4-{4-[4-(trifluoromethoxy)phenoxy]

piperidin-1-yl}phenoxy)propane-1,2-diol

25 (R) -3- (4-Bromophenoxy) -2-methylpropane-1,2-diol (2.0 g,
7.7 mmol), 4-[4-(trifluoromethoxy)phenoxylpiperidine (2.0 g, 7.7
mmol), tris(dibenzylideneacetone)dipalladium (0) (0.141 g, 0.15
mmol), 2-di-tert-butylphosphino-2',4',6'-triisopropyl-1,1"'-
biphenyl (0.157 g, 0.37 mmol), potassium phosphate (1.88 g, 8.86

30 mmol), and toluene (46 ml) were mixed, followed by stirring under
a nitrogen atmosphere at 80°C for 21 hours. Using HPLC, it was
confirmed that (R)-2-methyl-3-(4-{4-[4-
(trifluoromethoxy)phenoxy]piperidin-1-yl}phenoxy)propane-1,2-diol
was produced with the inversion rate of 52%.

35



-52-- Exanple 16 Production of

(R -2-methyl-3-(4-14-[4-(trifluoronethoxy)phenoxy]

pi peri di rwb-2¢11benoxy) pr opane- 1, 2-di ol PCT/JP2011/052307

(R) - 3- (4- Bronmobphenoxy) - 2- net hyl propane-1, 2-diol (2.0 g, 5 7.7 muol),
4-[4-(trifluoronethoxy)phenoxy] pi peridi ré2(-2.0 g, 7.7 mmol),

tris(di benzylideneacetone)dipalladium (0) (0.141 g, 0.15 mml),

2-di -t ert - buappPRodphi no-2' ,4' ,6' -triisopropyl-1,1' - biphenyl (0.157 g,
0.37 mol ), p SOMUTLYGE Ol (599 (£: 86 (MURLL; ¢ AN L OLHEDS) (A0 1) were

m xed, followe O

hours. Usi neifdRliGini-{ -wakohemekivi pedpatmetl ,(2RP4i21imet hyl- 3- (4- 14-[ 4-

(trifluoromethoxy)phepoxy] pi_peridin-] -yl phen r opane=1,2-di.ol S
produced with the i ng‘g)r )s(éi/o(% %gggg%}ﬁellg?féé) %S%E%%%Freo f‘?ePtloau%W]Dn(z\S@ gr
(R) - 2- mét hyl-Bafedi14- §4f 4+ rifilflapeomt tioowy)) phenoxylpiperidine (2.0 g, 7.7
pi peridin-1-yl.l phenox r opane-1, 2-di ol : .
(R <5 (4 ariitshetons) A P AER B reRaRe e Sigrdiagim ) 07 fuy O-15
4-[ 4- (triflmaslgnethexy}ehenmcyliphpeph thdre (2. 060+t i o opynl) , 11 -
tris(di bené%jlti dengaCﬁtﬂg_?) di E}al Ladi um (g%}dgo' 141 g, 0.15 mmol),
2-di -t ert - FUARNSHHGs phi ol Br, -3¢ et s pp1hydgexids dRedyt 90.%8P g,
0.15 Mol ) , ML, UBheat SDRHE (U2 R8P Gord mB&eANOEY1 1M 1O YeEr { AP UMk rier e
m xed, followed by stirring under a nitrogen atnosphere at 80C or” 14 hours.
Usi ng PiISLC,airtlt\Eﬁ§9253‘€EﬁﬁRqﬁ¥€dth§@ ¢ o2 l4ehfyas 3-U4npq HPRC, it was
(trifluor oy@gr{ﬂ%ahgﬁ%yafgl_@eh@h?lggﬁzjﬁgquxy) propane-1, 2-di ol was
produced with the inversion rate of 79% anple 18 30 Production of
(R) - 2- net hy{t@-flaoran¢thgxy)ivhienory et prsddiphénpkyphenoxy) propane-1, 2-diol
pi peridin-I-yll ) - = (i o
(R) - 3- (4- o A s %P%‘Bg%% B 8F (2P0 g, 7.7 mol),
4-[4-(trifluoronet hoxy)phenoxy] piperidine (2.0 g, 7.7 nmol),
tris(diken i eacet one) di pal | adium (0) (0.141 g, 0.15 35 mml),
2-di -tej?lr%t - %’%a&‘}%g%o?gm no-2' - (N, Ar - di net hyl am nobi phenyl WO
2011/ 09352 CHuER2 6t 16 D5230-2 —meBhy1 £ B~ (424 4g,[ 460 ( 871 firomephbagSdHEROXY ]
hydr oxi de (0. 864 g _}5.4 D| tributélla ine (5 nm), and xylene (46 m)
were m xed, PXESESABA-BY OrHGRPERBR S i -8gen at nosphere at 80C for 21
hours. Using HPLC, i {Rwes- (@6BkbhoBerdiat) -0Rhe2nymittyand=(42{dol 42.5 g,
(trifl uoron:{at oxyﬁ)henog]&i peridin-1-yll phenoxy)]or,opane-_l, 2-di ol was
produced wi t1 fHEL) nver 5 ovf rldteoppmeigigxy) phenoxylpiperidine (2.0 g, 7.7

20 mmol), tris(dibenzylideneacetone)dipalladium (0) (0.141 g, 0.15

mmol), 2-di-tert-butylphosphino-2',4"',6'-triisopropyl-1,1'-
biphenyl (0.637 g, 0.15 mmol), cesium carbonate (2.885 g, 8.86
mmol), and toluene (46 ml) were mixed, followed by stirring under
a nitrogen atmosphere at 80°C or 14 hours. Using HPLC, it was

25 confirmed that (R)-2-methyl-3-(4-{4-[4-
(trifluoromethoxy)phenoxy]piperidin-1-yl}phenoxy)propane-1, 2-diol

was produced with the inversion rate of 79%.

Example 18
30 . Production of (R)—2—methyl—3—(4—{4—[4—(trifluoromethoxy)phenoxy]

piperidin-1-yl }phenoxy)propane-1,2-diol

(R) -3- (4-Bromophenoxy) ~2-methylpropane-1,2-diol (2.0 g,
7.7 mmol), 4-[4-(trifluoromethoxy)phenoxylpiperidine (2.0 g, 7.7
mmol), tris(dibenzylideneacetone)dipalladium (0) (0.141 g, 0.15
35 mmol), 2-di-tert-butylphosphino-2’- (N, N-dimethylaminobiphenyl



Exanpl e 19 Production of (R)-2-nethyl-3-(4-{4-[4-(trifluoronmethoxy)phenoxy]
10 piperidin-1-yl}phenoxy) propane-1, 2-di ol

(R) - 3- (4-\Boaonphsnexy) - 2- net hyl propane- 1, 2-di ol (2.0 g, PET/APIOTDNI2307
4-[4-(trifluoronethoxy)phenoxy] pi peridine (2.0 g, 7.7 mmol),

tris(di benzylideneacetone)di pall adi um (8p3¢0.141 g, 0.15 nmol),

2-di -tert-butyl phosphi no-2' - (AcAr-di nmet hyl am no) bi phenyl 15(0.126 g, 0.37
mmol ), sodi UmledgexDde’ (B354 get8s8Bummidroxadd t®lagdng, (486. 4rinmoder, e
hmoﬁfgi [J‘S’: #8%%%5%% Lé‘gn&gfr,‘f’gh%gx “Jh%r{eog(%% At osnet s 2l 805 1 el by

(R) - 2- met hydtidr(idg{ 4nfidr (4 miftirogennetimepherkeaoxy) B e dilnhours. Using

| -yl | pheno opane- 1, 2-di ol oduced with the, jnversion 20 rate of
55%  Exanpl 250 Brotact toit igned” tnBt R Hntchin 152 J N

(R - 2- met hy|t3-f14otdmé dhd:ty)idheno ko Ml hexxiy)iphe R9X Ydphenoxy) propane-1, 2-diol

pi peridi n-1-yl | phenoxy) propane- 1, 2-di ol .

25(R) - 3-(4-@%@66%%%‘71-@ Feehy PBREPEaTe FRES- 8 0P 2275 ny, 1.05 mmol),
4-[4-(trifluoronet hoxy)phenoxy] pi peridine (250 ng, 0.96 mmol),

tris(di benzylideneacetone)di palladium (0) (4.4 ng, 0.0048 mmol),
5-(di-tert- 18hé8phi no)-1',3',5' -tri phenyl -1'H 1, 4' ] - bi pyrazol e (5.8 ny,
0. ;31&6 o] )pr S4B 6F {rAUAKCARY(196( 4 1914110 AR romeRAG) AIERGA 0. 75
for 2 HROur wipgsiidgnHPLYl Jphtengay) poaparerdd 24Hapl( R) - 2- net hy1- 3- (4-{4-[ 4-

(trifluoronethoxy)phepoxy] pi_peri din-1-yll gh es1,2,di-0l S
produced with the in\%‘g)r)s(éi/o(ﬁnl1 r%g%)fgg%?erg@&) BV@Q%%%%%%%E’C%/%%Ol(fWS%W
-54- Exanpl® R2imeloduét [on(tofifluoromethoxy)phenoxylpiperidine (2.0 g, 7.7
(R -2-nethyl- 3-(4; 4-5 =(trifl.uoronet hoxy)phenox
bl por 1 di - [0 pnhoRy) Bropand s aaar o o) a1 2dlun (0 (0.101 g, 0.15
(R) - 3- (4- Brimmphenery ) £ 2r tradtutyll pho ppinends 22 —ding V- 2t Hg amino) biphenyl

15 (0.126 g, 0.37 mmol), sodium hydroxide (0.354 g, 8.86 mmol), and

.toluene (46 ml) were mixed, followed by stirring under.a nitrogen
atmosphere at 80°C for 14 hours. Using HPLC, it was confirmed
that (R)-2-methyl-3-(4-{4-[4-(trifluoromethoxy)phenoxy]piperidin-
1-yl}phenoxy)propane-1,2-diol was produced with the inversion

20 rate of 85%.

Example 20
Production of (R)-2-methyl-3-(4-{4-[4-(trifluoromethoxy)phenoxy]

piperidin-1-yl}phenoxy)propane-1,2-diol

25 (R)—3—(4—Bromophenoxy)—2—methylpropane—1,2—diol (275 mg,
1.05 mmol), 4-[{4-(trifluoromethoxy)phenoxy]piperidine (250 mg,
0.96 mmol), tris(dibenzylideneacetone)dipalladium (0) (4.4 mg,
0.0048 mmol), 5-(di-tert-butylphosphino)-1’,3’,5' -triphenyl-1’H-
[1,4" ]-bipyrazole (5.8 mg, 0.011 mmol), sodium tert-butoxide (106

30 g, 1.10 mmol), and toluene (0.75 ml) were mixed, followed by
stirring under a nitrogen atmosphere at 100°C for 2 hours. Using
HPLC, it was confirmed that (R)-2-methyl-3-(4-{4-[4-
(trifluoromethoxy)phenoxylpiperidin-1-yl}phenoxy)propane-1,2-diol
was produced with the inversion rate of 99%.
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5 1.05 mmol ), 4-[4-(trifluoromethoxy)phenoxy]pi peridine (250 ng, 0.96

nmml ), tris(dibenzylideneacetone)dipalladium(0) (4.4 ng, 0.0048 mol),

2- (di -t erwehkutopdzesphi no) - 1- phenyl- 1H pyrrol e (3.3 ng, pOTARI1MABY7, sodi um
tert-butoxide (106 g, 1.10 mmol ), and toluene (0.75 m) were m xed,

foll owed by stirring under a 10 nitrogensatnosphere at 100C for 2 hours.
Using HPLC, it was confirnmed that

(R) - 2- met hylxBa(14- 24- [ 4- (trifl uor omet hoxy) phenoxy] _ _ _
P;Egrgglgéo_ L Lphenoxy)prapane. 1, 25 dio i%%i[HE?9¥5E§LS¥&H%tBQ§y§éH%%SQy N
(R) - 2- met hydi@er(idki h41 F ¢t [phdridxy) poaphixly,)phiendxy| .
pi peri di n-1-yl| phenoxy) propane- 1, 2-di ol .

(R)-3- (4-Br om)phenoxy(rgzé“n@t‘ﬁﬁfmﬁ?éb%yl),"ffﬁl%ilyj(fﬁr'f?aﬁﬁfl1.20%1‘?1]rr0f%7,5 mg.
4-[4- (t B fl uaromRbleXY2 phen@alEplpeshstt ik () 2henoBy ] @ZierA6i ABDL 250 mg,
tris(di benz%l i deneacet one) di pal | adi um (0

, (0) (4.4 ny,_ 0.0048 mm%ﬂ
2- (di - t ert - buty MPRSS phiFb) LHEDSRENHY EaREdTRIGNe ) e3Pal kafiug 391 | 1'97 sodi um
tert-but oxi@ed4s06me1) 1. A0(dMmlel-+-8Aey 1 IR n6Y- ¥ SorH 1\A@Hepgti<&ﬂa (3.3
followed by stirring under a nitrogen atnosphere at 100C for hours. Using
HPLC, it wagd 2% .O3Af ekl t¥pgtium tert-butoxide (106 g, 1.10 mmol), and
( R) B 2_’ net hylsRidrd {(6'. h4-4i ¥ 'Jéx%%?%&bofﬁ’l)l%%e%w stirring under a )
pi peri di n-1-yl | phenoxy) propane- 1, 2-di ol was produced with the I nversion
rate ofl089%1tExcamepl et@aspe® edudPPO@ £¥r 2 hours. Using HPLC, it was
(R)-2-methyl;3.(4-14: [ 4: (15 F) L hoxy) phenoxy]
piperidih-légﬁ%ﬁa gﬁo%%?%r@@aﬁgﬁ%ﬁgggigléy{Q:%Q %¥l1fluoromethoxy)phenoxy]
(R) - 3- ( 4- Brpimphienioxy )y R} pretrioxyp popparee-1] ,2-diiol ¢29 orugluckd0sinmoihe
4-14-(trifluoronet hox%%%he% ¢| pi peridine (250 ng, 0.96 mmol),
tris(di benzV1deneacétone) ?i%w adi um (0) (4.4 ng, 350.0048 mol),
2-(di-tert-butyl phosphino)-1, 1 -binaphthyl (4.6 ng, WO
2011/ 091%529PCT/ JféZ%l/ 052307

Examp

Production of (R)-2-methyl-3-(4-{4-[4-(trifluoromethoxy)phenoxy]

piperidin-1-yl}phenoxy)propane-1,2-diol

(R) -3- (4-Bromophenoxy) -2-methylpropane-1,2-diol (275 mg,
1.05 mmol), 4-[4-(trifluoromethoxy)phenoxy]piperidine (250 mg,

20 0.96 mmol), tris(dibenzylideneacetone)dipalladium (0) (4.4 mg,
0.0048 mmol), 2-(di-tert-butylphosphino)-l-phenyl-1H-indole (3.9
mg,'0.0ll mmol), sodium tert-butoxide (106 g, 1.10 mmol), and
toluene (0.75 ml) were mixed, followed by stirring under a
nitrogen atmosphere at 100°C for 2 hours. Using HPLC, it was

25 confirmed that (R)-2-methyl-3-(4-{4-[4- (trifluoromethoxy)phenoxy]
piperidin-1-yl}phenoxy)propane-1,2-diol was produced with the

inversion rate of 89%.

Example 23
30 Production of (R)-2-methyl-3-(4-{4-[4- (trifluoromethoxy)phenoxy]

piperidin-1-yl}phenoxy)propane-1,2-diol

(R) =3~ (4-Bromophenoxy) -2-methylpropane-1,2-diol (275 mg,
1.05 mmol), 4—[4—(trifluoromethoxy)phenoxy]piperidine {250 mg,
0.96 mmol), tris(dibenzylideneacetone)dipalladium (0) (4.4 mg,

35 0.0048 mmol), 2-(di-tert-butylphosphino)-1,1’-binaphthyl (4.6 mg,



-55- 0.011 mmol ), sodiumtert-butoxide (106 g, 1.10 nmmol), and tol uene
(0.75 M) were mxed, followed by stirring under a nitrogen atnosphere at
10000 f orw® 2bpwwss29Usi ng HPLC, it was confirned that PCT/JP2011/052307

(R -2-nmethyl-3-(4-14-[4-(trifluoronethoxy)phenoxy]piperidin- 5

1-yl } phenoxy) propane- 1, 2-di ol was produeced-with the inversion rate of 96%
Exanpl e 24 Pr oducti on of

(S)-4-(4-bromphenmoxy) needijin Ze2t4butoxidy(10%, §, 10l@imed)) anend toluene
(R -3-(4-Br ¢Dﬂ§ Xy)z2- | propane- -di.ol . (25 0.1 nopl) _ and
p-toluenesu? bn.§H§c¥§r%dgg%gg,%2330%%%ﬁ¥?ﬁ§%§ra§%§6 f%ﬁaiﬁggﬁéfghe (300
g), foll owestriysmieirer ahglUhterforep| haufor Binghapls, fhevapr agn&ssnaaf

reaction wa ni t ored TLC., 15 T ener.at ed ter s renpved hy.,

oot ropi ¢ Chat 11 a6 BRENTT 440 14" 6 - Boreme EmABs She D pher b dtitre,
and 300 5y of -y@icgihenexywasrasided 1dar-dngl thes eaduted. wAfH ahet havéeaidd on was
conpl eted, the salvent was renoved under a reduced pressure and the

resul ting chiicettr 4P&d resi due was di ssol ved in i sopropyl acetate 20(250
m.). The organic |ayer thus obtained was washed with a 1 M sodi um hydr oxi de
aqueous solution (100 nmL). Thereafter, the organic |ayer was concentrated
and dried, BRI AG 25 g of (9)- . .

. fn-o br OMOPAEAAIOLER! BY 113) 24 b 8ROk Ik AYPLANS dIreh@inPPA, 325
tri met P1- 148>:ilexel ane- 4- 1y) met hoxy] phenyl | pi peri di ne

S)-4-(4-B h hy,L- it - ' I (2. , 1.7
Al i i s e o e R s
tris(dibenz§l!l derdeaestope)diysaidsadifoni¢ BAci(d.(0421gg, ¢ X6 mmud) ) yee

di | oh l.ph hi -2' - (hcAr-di | j i ph | (.0.145 0.37 1),
o aest i (O RRSARA" 22 s G BPLTY | 203 10 BRSOV ol WRaly, el

xyl ene (46 fivy S donkxed TheopkowessdHywf reaction was monitored by TLC.

15 The generated water was removed by azeotropic distillation with
300 g of solvent under atmospheric pressure, and 300 g of acetone
was added during the reaction. After the reaction was completed,
the solvent was removed under a reduced pressure and the
resulting concentrated residue was dissolved in isopropyl acetate

20 (250 mL). The organic layer thus obtained was washed with a 1 M
sodium hydroxide aqueous solution (100 mL). Thereafter, the
organic layer was concentrated and dried, obtaining 25 g of (S)-
4—(4—bromophenoxy)methyl—2,2,4—trimethyl—l,3—dibxolane (yield:
82%) .

25
Example 25
Production of (8)-4-[4-(trifluoromethoxy)phenoxy]-1-{4-[(2,2,4-

trimethyl-1, 3-dioxolane-4-ly)methoxy]phenyl}piperidine

(S) -4- (4-Bromophenoxy)methyl-2,2,4-trimethyl-1, 3-

30 dioxolane (2.32 g, 7.7 mmol), 4-[4-
(trifluoromethoxy)phenoxylpiperidine (2.0 g, 7.7 mmol),
tris(dibenzylideneacetone)dipaliadium (0) (0.141 g, 0.15 mmol), 2-
dicyclohexylphosphino-2’ - (N, N-dimethylamino)biphenyl (0.145 g,
0.37 mmol), potassium hydroxide (0.864 g, 15.4 mmol),

35 tributylamine (5 mL), and xylene (46 ml) were mixed, followed by



WO 2011/ 093529PCT/ JP2011/ 052307 -56- stirring under a nitrogen atnosphere
at 80C for 8 hours. Using HPLC, it was confirmed that

('S) - 4- [ 4-wbriges9net hoxy) phenoxy] - PCT/JP2011/052307
1-14-[(2,2,4-trinethyl-1, 3-di oxol ane-4- 1y) et hoxy] phenyl | pi peri di ne was
produced with the inversion rate 5o0f 99%ggExanpl e 26 Production of
(S)-4-[4-(trifluoronethoxy)phenoxy]-1-{4-[(2, 2, 4-

trinmethyl- lsﬁiﬁﬁr@gohﬁﬂér4alﬁkﬁﬁhhﬁxaﬂmﬂﬂpnﬂrbphpe8®tﬁlﬁbr 8 hours. U51ng

10(S) - 4((4 brorm enoxy) net h -trimeth 3- d|o ol ape

7.7 '1anai )P 41 (’?Fl%‘%%@%& ﬁgi %) pH en4oer§ #Béhlbqrr?@ef OBy kph O%y I),
tris(di benzyiﬂﬂqﬂ%g?n%@ﬁn@ﬁ@@wadsum&@m&@ 341 g, 0.15 mml) 2-

di cycl ohexyl phos i no 1' - bi phenyl (0.130 g, 0.37 mml 15 potassium
hydr oxi de (¥ %ﬁ’xleh@,anPerﬂidiL‘B%t%Sal?ﬁrﬁéluFSd rf@)th 9(91’%1?1%1‘{”463?%?)
wer e m'>5ed,of oj§,qwed by stirring under a nitrogen atnosphere at 80C for 8
hours. Using HPLC, it was confirnmed that
(S)-4-[4-(trifluoronmethoxy)phenoxy]-1-{4-[(2, 2, 4-

trimethyl- 1E}§éﬂg5 1@xgkane- 4- 1y) met hoxy] phenyl | pi peri di ne was 20 produced with
the inversi ate of 99% Exanple 27 Production of

(S)-4-[4- (tH’lrddumlmneoﬁok&)-rﬂhéﬁoxvrlﬂlqoardn(ezhzxmphenoxy] -1-{4-((2,2,4~
trimethyl- ; xI n ; , .
25(S) - 4- (( “%t% o aTs sl&ne (287 ny, 1
mol ), 14-[ 4- (t ri f I uosprm{ (h(dxgo):pﬂneplmem]w pethgllhe&(%&].—tmmeﬂhyﬂrm] B

pal | adi um acet at.e I% % 0.0 2-di cycl ohexyl phosphi no-2', 6' -
di met hoxy- 1§ ef r§ 1%. ggﬁgmﬁibs Tn[1)41) sodiumtert- 30 butoxide (106
ng, 1.1 mm[ﬁrlfalm@rbﬁéﬂl&ﬁbe)/ )Bhedottly) piyeseidiineed2. 6 of | owerd bl Bf i rring under
:ﬁ];_![ U?S;mge%lalas rclzlll en yllgletnrreuaS eréggg)éggafla%%ﬁns( s n%4|i|NgR,’ (5t15wamsno(ionfé—r med
(trifluor or@ia@%hek@mpm&prﬂm{&ﬂ (2,181 phdryingbhyie 1y 3-dizgxphangA- 1y) met hoxy
] phenyl | pi peridi ne was produced with the inversion '35 rate of 99%or nore.

WO 201&%9%@@@%&@4{%}5@@ 88%.-IExhiydl M28) pripeiiittvgamere (5 mL),
(R) - 3- (4- br gpphaRexY )k 18-HBt RRr RPa8E; 1sA14eH by stirring under a

nitrogen atmosphere at 80°C for 8 hours. Using HPLC, it was

r;d

confirmed that (S)-4-[(4-(trifluocromethoxy)phenoxyl-1-{4-[(2,2,4-
trimethyl-1, 3-dioxolane-4-ly)methoxy]phenyl}piperidine was

20 produced with the inversion rate of 99%.

Example 27
Production of (S)-4-[4-(trifluoromethoxy)phenoxy]-1-{4-[(2,2,4-

trimethyl-1, 3-dioxolane-4-ly)methoxy]phenyl}piperidine

25 , (S)-4-( (4-Bromophenoxy)methyl)-2,2,4-trimethyl-1, 3-
dioxolane (287 mg, 1 mmol), 4-[4-
(trifluoromethoxy)phenoxylpiperidine (261 mg, 1 mmol), palladium
acetate (II) (2.2 mg, 0.01 mmol), 2-dicyclohexylphosphino-2',6’-
dimethoxy-1,1’ -biphenyl (12.3 mg, 0.03 mmol), sodium tert-

30 butoxide (106 mg, 1.1 mmol), and toluene (1.3 ml) were mixed,
followed by stirring under reflux under a nitrogen atmosphere for
8 hours. Using NMR, it was confirmed that (S)-4-[4-
(trifluoromethoxy)phenoxy]-1-{4-[(2,2,4-trimethyl-1, 3-dioxolane-
4-ly)methoxy]phenyl}piperidine was produced with the inversion

35 rate of 99% or more.



A m xture of 3-nethallyl alcohol (90.0 g, 1.25 nmol), 5 D-(-)-diisopropyl
tartrate (17.5 g, 74.8 mol ), nol ecul ar sieves 4A (45.0 g), and dehydrated
t ol uene (WBQofiobsswas stirred under a nitrogen atnospher ecgflyp2d96523¢7 t ani um
tetrai sopropoxide (17.7 g, 62.4 nmmol) was added thereto over a period of 5
m nutes, followed by stirring for 0.5 10shaur. Thereafter, 80% cunene
hydroperoxi de (309 g, 1.62 nol) was added thereto dropwi se at -20 to -15C
over a period of 2 hours, followed by stirring at -10C for 3 hours.

D net hyl sul foxide (59.2 g, 748 mmol ) was added thereto dropwi se at 20 to
35C over a 0.5 hour. 15 The resulting m xture was stirred at 30

t 3;%091;] or B dRlonThE MRIIE PRsmbhaNRY) Lo-Gook, I aRED: L 2 s And
me_m Xture _was_subj ected t O
filtration, obtainifhgihXteraens éaﬂ“ﬁ%béﬁlﬁfl eSFORoket PG oi dyl2 2ol .

204- Br ogop@nol {d27s@prdg¢1mank)rand q1¥Q% sgdiumehyeicixi,denFIREe LSy
solution (176 g, 440 nnnl& were added to the toluene solution thus
obt ai ned, f%’r?%‘\’r\%d‘l%y 4Pt Prohg éfld5§€hﬁ’61|ra§%l}roslueﬂ?e i34 Jre WS al | owed

to cool andsﬁbﬁf‘eélouﬁaéﬂdaoﬂfﬁfu [ atMbESRe £OQUH NG ke Mt & 0 12C, 10%
25 diluted sulfuric acid (2.17 423 nl) was added thereto, followed by

stirring foreoraisenrorgredeol(hdnd bay &2 -fadsdpar@edddat thrrriashed

with a 5% s dera | u ) % sol ution
(128 m , %(tpfé n%h%%%i?% gf ?@g%t?g tw cerl Ther]déjafsttelﬁkIEML2 %dnfe]eoan% 30

cunyl éJOCOHmuJ( cuiheézbbol: B8P3 60umenesay2reweEgpxisice 3érfowed Ifrdn t he

organi c Iay t] d _pre e e was '
cooled to an"(ng% %{j}glﬁg k%iﬁg%g drogq’li%%e ILEt hzzr%gto hog(’iecg%%l ng m xture
was cool ed pee)r:B@:d dhe2pheuipi t dvédoerysbyl s tvierre repldtectiE @5tdey Jiltrati on

and t hen shed wt e ene (9 . Th rystals thus t ai ned
were dried By'a°blo IpeghygS Lg?ﬁ?ﬁ%n35?52 é”g%@ WSS Wl S
(R) - 3- (4- bromepéesodyppdi get Ayl p[)opan335°2- divalr (ayipriodBlbB% . &as@dron

4- br omg nol cal purit 6%e., Melting point: 87-8
2011/ 09352954 3P0k ros et big. was stirted 4t RS e Ber 510

hours. The mixture was allowed to cool and then to stand

overnight. After adding Celite (18 g), the mixture was
subjected to filtration, obtaining a toluene solution of
(S)-2-methylglycidyl alcohol.

20 4-Bromophenol (127 g, 734 mmol) and a 10% sodium
hydroxide agqueous solution (176 g, 440 mmol) were added to
the toluene solution thus obtained, followed by stirring at
55°C for 5 hours. The mixture was allowed to cool and then
to stand overnight. After cooling the mixture to 12°C, 10%

25 diluted sulfuric acid (2.17 N, 423 ml) was added thereto,
followed by stirring for 0.2 hour. The toluene layer was
separated, and then .washed with a 5% sodium hydroxide
aqueous solution (178 ml), a 5% saline solution (128 ml, 3
times) and water (128 ml, twice). Thereafter, toluene and

30 cumyl alcohol (cumyl alcohol: Bp 60 to 65°C/2 mmHg) were
removed from the organic layer by distillation under
reduced pressure. The residue was cooled to 70°C and
toluene (191 ml) was added thereto. The resulting mixture
was cooled to 5°C. The precipitated crystals were collected

35 by filtration and then washed with cooled toluene (95 ml).

The crystals thus obtained were dried by a blower,



CLAIMS [C ai m 1] 5 wherein R - is a hydrogen atom or | ower-al kyl group;
R2 is a 1-piperidyl group substituted at the 4-position wth a substituent
sel ect ed WHoM 1093529 (Ala) a phenoxy group substitupedPRiihesehenyl

noi ety with one or nore hal ogen-substituted | ower-al koxy groups, 10(Alb) a
phenoxy-substituted | ower-al kyl group subgtituted on the phenyl noiety with
one or nore hal ogen-substituted | ower-al kyl groups, (Alc) a

phenyl - subsgiht &t €dndonel - al koxy |(ayes- al yomdbadRogpbstidehodppdpde phenyl
noiety with gﬁl%ggn, 15(égd)da heQ¥I}%ﬁbst|i_ted Iomer-ﬁlkyl group
subst it ut edt o ERe PHEAYE  nBi0etyf mitdT BhePbr? HOF A AR SYRAL subst i t ut ed

| ower - al kox9ptgraedpsurity: 88.6%ee. (Ale) an ami no group substituted with a
phenyl gro ubstit .Whyth,gme or nore hal ogen-substituted | ower-al koxy
50 gt oups. Het By %Sgrﬁ’@% 8005, and (A1) a pheny! - substituted

| ower - al koxy group substituted on the phenyl noiety with one or nore

hal ogen-substituted | ower-al koxy groups; nis an integer from1l1l to 6; and
25X3 is an organic sul fonyl oxy group. [Claim?2] A nethod for producing the
conmpound of claim 1, t he met hod conprising reacting a
conmpound represented 30 by FoLmul a (10)
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CLAIMS
[Claim 1]

A compound represented by Formula (11):
HO R

3
X \><(CHz>n—O R2 (11)

wherein R' is a hydrogen atom or C,.¢—alkyl group;
R* is a l-piperidyl group substituted at the 4-position with
a substituent selected from

(Ala) a phenoxy group substituted on the phenyl
moiety with one or more halogen-substituted Cj.¢—alkoxy
groups,

(Alb) a phenoxy-substituted Ci_¢—alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted Ci_¢-alkyl groups,

(Alc) a phenyl-substituted Cji.¢—alkoxy Ci-¢—alkyl
group substituted on the phenyl moiety with halogen,

(Ald) a phenyl-substituted Ci_¢—alkyl group
substituted on the phenyl moiety with one or more halogen-
substituted Ci-¢—-alkoxy groups,

(Ale) an amino group substituted with a phenyl
group substituted with one or more halogen-substituted C;-g-
alkoxy groups, and a Ci_¢—alkyl group, and

(Alf) a phenyl-substituted Ci-g—alkoxy group
substituted on the phenyl moiety with one or more halogen-
substituted Cji.g—alkoxy groups;

n is an integer from 1 to 6; and

X? is an organic sulfonyloxy group.

[Claim 2]
A method for producing the compound of claim 1,
the method comprising reacting a compound

represented by Formula (10):
HO R1

HO\><(CH2)n—O RZ  (10)
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wherein Rl, R’ and n are the same as defined in claim 1,

with an organic sulfonic acid.

[Claim 3]

A compound represented by Formula (10):

HO. R1
HO\><(CH2)n—o—®—R2 (10)

wherein R}, R? and n are the same as defined in claim 1.

[Claim 4]
A method for producing the compound of claim 3,
the method comprising reacting a compound

represented by Formula (9)

wherein X! is a leaving group, and R' and n are the same as
defined in claim 1,
with a compound represented by Formula (2):

H—R?  (2)

wherein R? is the same as defined in claim 1.

[Claim 5]
A method for producing the compound of claim 3,
the method comprising reacting a compound

represented by Formula (9):
HO R

HO\><(CH2>n-o X9

wherein X! is a leaving group, and R' and n are the same as
defined in claim 1,

with a compound represented by Formula (9-i):
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A B
—C—R ;
I (9-1)

0

wherein R® is a Cj;_¢-alkyl group or a phenyl group which may

R

have a substituent or substituents; and R®? is a hydrogen atom
or a Cy_¢~alkyl group, R® and R® may form a cycloalkyl ring
together with the carbon atom to which they are bonded,

to obtain a compound represented by Formula (9-ii):

RB
A 1
R —*——O R

0K " n_o@xl (9-i1)
wherein RY, X' , n, R® and R® are the same as the above,
the compound represented by Formula (9-ii) is reacted with a
compound represented by Formula (2):

H—R? )

wherein R? is the same as defined in claim 1,

to obtain a compound represented by Formula (9-1iii):

RB
A 1
R **——O R
(9-iii)
0J<(CH2> n~o—©—f<2
wherein Rl, R2, n, R® and RP are the same as the above, and

subjecting the compound represented by Formula (9-iii) to

deprotection.

[Claim 6]
A method for producing a compound represented by

Formula (12):
o]
L_X<R1

(CHy)n—0 R? (12)

wherein R!', R? and n are the same as defined in claim 1,
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the method comprising subjecting the compound of

claim 1 to an epoxidation reaction.

[Claim 7]
5 A method for producing a compound represented by
Formula (1):

R1
(CHs)n
\20 R?

N
0]
! />/ 1)
N
O,N

wherein Rl, R° and n are the same as defined in claim 1,
the method comprising the steps (a) to (c):
10 (a) subjecting the compound of claim 1 to an epoxidation

reaction to prepare a compound represented by Formula (12):
O
A<R1

(CHp)n—0 R? (12)

wherein R', R? and n are the same as defined in claim 1;
(b) reacting a compound represented by Formula (12) with a

15 compound represented by Formula (8):

H
N
| />—X2 ®)
N
O,N

wherein X? is a halogen atom, to prepare a compound

represented by Formula (13):

20
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o) R?
(CHn—

N OH (13)
5
N
N

Oy
2

wherein R*, R?, X? and n are the same as the above; and

x

(c) subjecting the compound represented by Formula (13) to a
ring closure reaction to prepare the compound represented by

Formula (1).



